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The need for  effective operation from the sea while 
conducting am~hibi~us operations ashore has never been more 
evident than in today’s modern conflicts. As im~ortant as 
this task is it has not been signlfi~antly changed since 
World War I. “Sea Force” is an attempt to show how that 
sea basing, as discussed by the CNO in Sea Power 21, can be 1 
acco~pl~shed by the y e a r  2020 with reasonable advances in 
technology. The Total Ship ~ y s t e ~ s  En~ineerin~ r u g K ~ ~ ,  
under the tasking of CNO ( N 7 )  throug~ the ~ayne E. Meyer 
Institute of Systems Engineer, u~dert~ok the task of 
designing a system of ships that could be brought together 
to enable the sea basing of one Marine Expeditionary 
Brigade ( ~ E 3 ~  €or an i ~ d e f i ~ i t ~  period of t i m e .  
The “Sea Force“ design c o ~ p l e ~ ~ l y  suppurts all of the 
operat~onal re~~irements of Ship to Ubj@ct~ve ~ a n e u v ~ r  
~S~~~~~ in addition to ~rovidin~ a path €OK re-supply and 
method for re~on~titut~on f forces ashore. Sea Force is 
also designed to be re~on€l~Ura~le f r o m  a ~ a r s h i ~  to a 
supply ship during a shipyard ~va~lability period with 
~ i n i ~ a l  effort throug~ the USE of ~ ~ d u l ~ ~ i t ~ .  
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This project is intended to support the ~ a ~ n e  Meyer Institute 
of Systems €ngineering in developi~~ the future notion of Marine 
Expeditionary ~arfare in the year 2020 by designing a system of 
platforms that could be e~ploy€d as a sea base. Under current 
operational concepts, the Marine ~ir-Gruund Task Force ~ ~ ~ T F ~  
must establish a beachhead and then build up what has cume to be 
 know^ as the "Iron ~ o ~ n t a i n - "  The establish~ent of the 
beachhead has the potential to limit the options fur the initial 
point of attack and allow the enemy to concentrate defenses at 
these points. Once the beachhead has been ~stablished all the 
~quipment required to support the Ground Combat Element ~ ~ C E ~  is 
then brought ashore and staged for issue to the fighting units. 
~uring the operation each ~ G T F  is support by an Aviation Combat 
Element ~ ~ C E ~  that flies from large deck amphibious assault 
ships, and can eventually be transitiuned to an air field in the 
vicinity of the objective for continued support. If no such air 
field exists, then the Combat Service Support Element ~ C S ~ E ~  has 
the ability to build a temporary air field, as well as medical 
and other support structures. 
A ~ ~ ~ T F  varies in size and config~ratiun from a Marine 
Ex~editlunary Unit   ME^^ to a Marine Expeditionary Force forward 
~MEF F ~ ~ ~ .  For the remainder of this docu~ent it may be assumed 
that a ~~~F is defined as a Marine Expeditionary Brigade ~~~3~ 
unless otherwise stated. The assumed ~ o m p u ~ i ~ i o n  of a ME3 will 
be defined in a later section, 
Future Marine Corps concepts of operation stress two 
capabilities: ~perationa~ a n e ~ v e r  from the Sea ~ O ~ F T S ~  and Ship 
to Objective ~aneuver ~ S ~ ~ ~ ~ .  ~ ~ T F S  emphasizes the sea as 
maneuver space to mini~ize the required closure range between 
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friendly and enemy forces, while STOM refers to the ability to 
transport equipment and troops to the objectives directly from 
ships without the operational pause associated with the build up 
of the "Iron Mountain". 
In Sea Power 21 the Chief of Naval Operations has established 
sea basing as a future naval forces. capability. The concept of 
sea basing implies a number of capabilities that are not 
inherent in our current expeditionary forces, among these are 
STOM, indefinite sustainment, selective offload, reconstitution 
of forces ashore, long range Naval Surface Fire Support (NSFS), 
and an increased capability in command and control. The Marine 
Corps has also established the requirement of a 3.0 MEB lift 
capability that is not currently met by our existing force 
structure. 
The objective of this project is to take the required 
capabilities of a sea base and integrate them into a systems of 
ships that could be brought together to form a sea base. A 
secondary objective was to investigate the possibility of 
combining the capabilities of the Maritime Pre-positioning Force 
ship (MPF), an LHA replacement, and a Large Medium-speed Roll-on 
Roll-off (LMSR) onto a common hull form to be employed in a sea 
base or as the large deck amphibious ship of a Naval 
Expeditionary Strike Group (NESG). The advantage of using a 
common hull form is that it allows the shipyards to maximize the 
learning curve in production thereby reducing acquisition costs. 
Because the same hull form will be used in three applications 
the number of units produced wili greatly increase when compared 
to a standard production run for a hull form, thereby providing 
long term stability to the industrial base. 
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By analyzing the re~uir~ments~ the team understood, 
defined, and buunded the problem. In this particular case, the 
TSSE team needed to understand the mission of the system; by 
understand~ng the mission, the team became aware cf the 
capabilities required to ac~umplish the mission. 
analysis helped the team to understand the interfaces between 
systems and how-they affected each other. A master list of more 
detailed design req~irements was produced at the con~lusion of 
the requirements analysis phase; the team was well prepared to 
move on and explore possible system alternatives that could 
effectively perform the required capabilities. 
~ ~ q ~ i r e m e n t s  
The TSSE requireme~ts analysis approach developed the 
design req~irements thruug~ both Top Down and 3ottom Up 
analyses. 
g~neration process, 
Figure 1 illustrates the TSSE requirements 
The Top Down analysis concentrated on ~nderstanding the SEA 
Initial ~equirement~ ~ocument ~~~~~, clarifying issues with the 
SEA team by an iterative process, and ~ e ~ e r a t l ~ ~  a requiK~ments 
list. 
Concepts of Operation ~ ~ ~ ~ ~ F S ~  for sea basing and what 
capabilitifs were required to do sea basing, 
required US to define a Marine Expeditionary Brigade ~ ~ E 3 ~  and 
its c o m ~ o ~ i t i u ~ -  
The second portion of the Top Down analysis studied the 





Figure 1. TSSE Requirements Generation 
Process 
The Bottom Up portion of the requirements analysis focused 
on the LHA(R), MPF (F), and LMSR CONOPS, and current platforms 
in the naval expeditionary architecture. A list of required 
operational capabilities was generated and compared with the 
results of the Top Down analysis. P, final, master Required 
Operational Capabilities (ROC) document was then created and 
used as the baseline design requirements. Interaction and 
iteration with the SEA team ensured that these design-level 
requirements were compatible with and met the intent of the 
system-level requirements (SEA IRD). 
B. SEA INITIAL REQUIREMENTS DOCUMENT (IRD) ANALISYS 
The Systems Engineering and  Analysis (SEA) Initial 
Requirements Document (IRD) was the governing document in the 
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analysis and development of the requirements for the TSSE 
concept design. The IRD identified sea base ~apabilit~ gaps 
through the Systems Engineering Top Down and Bottom Up analysis. 
At this stage of the design process, it was crucial to the TSSE 
team to have a complete understand~n~ of the IRD. A~cordingly, 
the team c o ~ e ~ ~ e d  a detailed review of the requirements stated 
in the SEA IRD. Initially, two very l~portant issues were 
~ ~ i c k l y  identified. The first issue was that the IRD did not 
define a Marine Expeditio~ary 3rigade ~ M E 3 ~ .  The second issue 
dealt with do~~ments ~oncerning the sea base concept, each one 
of them having a different interpret~ti~n of the concept. The 
explorations of these two issues lead to the develop men^ of a 
base line for a notional MEB and a sea base Concept of 
Uperations- 
1.. The Marine ~ x p e d ~ t ~ ~ n ~ r y  Brigade ~~~~ 
a. C~~~~ ~ ~ e ~ e ~ ~  (CE) 
The ME3 c o ~ a n d  element provides c o ~ a n d  and control for 
the elements of the ME3. When missions are assigned, the 
notional ME3 CE is tailored with the required support to 
a c ~ ~ ~ p l i ~ h  the mission. ~etach~ents are assigned as necessary 
to support subordinate elements, The MEB CE is fully capable of 
executing all of the staff functions of a ~ ~ T F  ~a~inistratlon 
and personnel, intelligence, operations and training, logistics, 
plans, &o~unications and infor~ation systems, Comptroller, and 
~ U M ~ E C ~ .  
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b.  G r o u n d  C o m b a t  E l e m e n t  (GCE) 
The ground combat element (GCE) is normally formed around a 
reinforced infantry regiment. The GCE can be composed of from 
two to five battalion-sized maneuver elements (infantry, tanks, 
LAR) with a regimental headquarters, plus artillery, an Assault 
Amphibian Battalion, reconnaissance, TOWS, and engineers. 
c .  A v i a t i o n  C o m b a t  E l e m e n t  (ACE) I 
The aviation combat element (ACE) is a composite Marine 
Aircraft Group (MAG) task-organized for the assigned mission. It 
usually includes both helicopters and fixed wing aircraft, and 
elements from the Marine wing support group and the Marine air 
control group. The MAG has more varied aviation capabilities 
than those of the aviation element of a MEU. The most 
significant difference is the ability to command and control 
aviation with the Marine Air Command and Control System (MACCS). 
The MAG is the smallest aviation unit designed for independent 
operations with no outside assistance except access to a source 
of supply. The ACE headquarters will be an organization built 
upon an augmented MAG headquarters or provided from other MAW 
assets. 
d .  C o m b a t  S e r v i c e  S u p p o r t  E l e m e n t  (CSSE) 
The brigzde service support qroup (BSSG) is tack-organized 
to provide CSS beyond the capability of the supported air and 
ground elements. It is structured from personnel and equipment 
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of the force service support group (FSSG). The 3 S S G  provides the 
nucleus of the Land~ng Force Support Party ~ L ~ S ~ ~  and, with 
appropriate attachments from the GCE and ACE, has responsibi~~ty 
for the landing force support functi~n when the landing force 
shore party group is activated. 
e - ~ a p ~ ~ ~ i  t ies  
The ME3 is inherently expeditionary and utilizes a com~ined 
arms force, It includes a robust and scalable C2 c~pability. 
The ME3 is designed to conduct a full range of operations from 
forcible entry to humanit~rian assistance, and it is task 
organized for mission accomplishment. The ME3 is capable of 
rapid deplo~ent and e ~ p l o ~ e n t  via amp~ibious assault shi~ping, 
strategic air and sealift, or any co~ination of the three. It 
is capable of sustaining any operation fsr 30 days without the 
need for substantial resupply. Its combat service support 
capabilities include supply, malnte~ance? transporta~ion, 
general engi~eering? health services, and messing and lodging, 
The aviation capability includes tactical air support, anti-air 
warfare, air rec~nnaissance? EW, control of aircraft and missile 
engage~ent zones and overall C2 of the surround in^ airspace over 
land and water. 
2.  ~ ~ € 1 ~ ~ ~ 9  the MEB 
The flexible nature of the Marine Corps made it difficult 
to establish a ME3 baseline. In order to proceed with the 
design of the ship, the team had to establish the precise number 
of people, eq~ip~~ent, and supplies required to deploy a MEB. 
A f t e r  careful consideration, the team established a notional 
baseline for a ME3 based on the Marine ~reposltionin~ Force 
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(MPF) MEB [l] . Figure 2 illustrztes the organizational diagram 
for the MEB. Tables i, 2, and 3 describe the major equipment, 
number of personnel, provisions, ordnance, and fuel required to 
sustain a MEB for 30 days. 
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Table 1, Equip~ent and Personnel for ~onceptual ME3 
Perhaps even more difficult than defining what constitutes 
a ME3 was to define its sustaln~ent req~ir~~ents. In this 
instance, the team decided to use CDR ~ e n ~ e ~ y , s  I31 thesis 
sustain~~nt data to provide guidance on the amount of 
~rovlsi~ns, and ordnance, required by the sea base and the HE3 
ashore. Table 2, su~arizes the a~ount of provisions and 
ordnance required by the sea base and ME3 ashore. ~ i t h  respect 
to the a~ount of fuel required to sustain the ME3 ashore, the 
team decided to utilize the data provided by the Center €or 
Naval Analysis study titled "Fuel ~ e q u i r e ~ ~ n ~ s  a d Alternative 
~istributi~n Approaches in an € x ~ e ~ i ~ i o n a r ~  €nviron~Ient" I41 . 
Table 3, provides the a~ount of fuel in gallons required by the 
GCE, CSSE and the conceptual ACE. Table 4 presents the total 
weight and volume required in~luding equip~~nt, f u e l ,  ordnance, 
and provisions for 30 days at a surge rate. 
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Commodity Days Sid. Rate(1onslday) Weight Volume (fl”3) R a l ~ ~ , ~ d a  
Provisions 30 95 2850 304000 95 
Ordnance 30 550 16500 880000 687.5 
Total 19350 1184000 
Table 2. Daily Sustainment Rates, Weight, and Volume 
for a MEB [3] 




’ per ship 
Surge Sustainment Surge Sustainmer 
# 
Burn rate Sorties # Sorties per Range Speed Fuel Fuel 
(lblhr) perday day (nm) (knots) (gallon) (gallon) 
QTR 5 4,000 4 .O 2.5 500 200 29,412 18,382 
AH-I2 4 800 3.0 3.0 650 152 6,037 6,037 
H-1Y 4 I 800 I 3.0 I 3.0 I 650 I 120 I 7,647 I 7,647 
Table 3. 
JSF 
Fuel Requirements for 30 Days of Sustainment 
(ACE, LCAC, LCU) 
1 
6 2,000 3.0 3.0 500 875 6,618 6,618 
55,719 42,437 
gallmile 
3 16 9.0 2.0 50 35 14,400 3,200 




Table 4. Total Volume and Weight 
Weight (ST) Volume ft*3 
Total Standard Rate 68,555 13,023,771 
139,880 26,573,774 Total Surge Rate 
Establishing the MEB baseline wzs an important step in 
understanding the requirements stated in the SEA IRD. The 
baseline gave the team t h e  necessary information and a working 
knowledge of how the MEB is organized and how it conducts 
operations. This knowledge, along with a firm Understanding of 
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the sea base, provided a deeper appreciation of the system-level 
requirements defined in the SEA IRD. 
4 .  The Sea 3ase 
Understanding the sea base concept was a   hall en gin^ task 
for the team. There was not an established architecture fo r  the 
sea base, how it should operate, or how it should be e~ployed. 
Also, as menti~ned earlier, there were a multitude of doc~m~nts 
that define the sea base. These concepts ranged from creating a 
sea base with current systems, to the Mobile Offshore Base ~~~3~ 
concept, which described the sea base as a series of massive, 
i~ter~unne~ted p~atfor~s that could land heavy transport 
aircraft. 
The team approached the sea base study as one that explored 
the different capabilities that a sea bas2 should possess. 211th 
that ~ ~ ~ l o s o ~ h y  in mind, the team proceeded to review as many 
~ocuments as possible ~hich dealt with the sea base concept, 
merged these capabilities with the requirements presented in the 
SEA I R D ,  and generated a c o ~ o n  list of required capabilities 
for the sea base. 
The 3ottOm Up analysis covered three proposed ship types: 
~~A~~~ I ~ ~ F ~ F ~ ,  and a Large ~~edium-Speed Roll-on/~ol~-off ~ L M S ~ ~  
ship used to fulfill the role of an e~peditlonary support ship. 
The mission of the Bottom Up analysis was to ascertain the Navy 
and Marine Corps# pla~form-sol~tion~ approach to realizing the 
capabilities of the sea base. An additional purpose of this 
study was to determine if it made sense to combine the 
re~uirements of these three ~ l ~ ~ f o r ~ s  into a single hull-€orm 
design (with variants permitted) . This study was conducted 
without reference to the SEA IRD. The TSSE sub-team assigned to 
conduct this study was tasked with writing a list of 
requirements for the single ship idea and making a 
recommendation on the feasibility of combining the three ships 
into a common hull form with multiple variants. 
MPF (F) LMSR LHA ( R )  
Figure 3. Combining Three Concepts Into 
One Hull Form 
P- review of the most recent literature of these three shi? 
concepts provided details on the types of capabilities these 
platforms could be expected to provide. Documents referenced 
were: (1) “The D r a f t  Amphibious Assauit Ship, General Purpose 
(Replacement) LHA (R) CONOPS (Revision 5) ” [ 71 ; ( 2 )  “The Maritime 
Prepositioning Force (Future) D r a f t  CONOPS ( 1 - 0 3 - 0 2 ) ”  [ 8 ] ;  and 
( 3 )  OPNAV Instruction 3 5 0 1 . 1 9 9 E  (Required Operational 
Capabilities for the LMSR) 1 9 1 .  Current LHD and LHA ship 
capabilities were also taken into Consideration. The TSSE sub- 
team that conducted the Bottom Up analysis concluded that, based 
on the requirements, the idea of combining all of these 
capabilities into one hull form merited further consideration. 
Consideration of the number of ships in the sea base system and 
whether or not a single hull form or variety of hulls would be 
more appropriate to satisfy Sea Basing requirements is discussed 
in Part D of this chapter. 
1 2  
I, Number of Ships 
Once a MEB baseline and an estimate of the weight and 
volume requirement were established, it was necessary to 
approxi~ate the n u ~ e r  of ships and their disp~ace~ents- Tables 
5 and 6 represent a 3-ship and 6-ship option respectively. I 
Looking at table 5 €or example, the total payload require men^ is 
140?000 short tons (ST). That figure divided by 3 ships 
resulted in a payload per ship of approxi~at~ly 46,667 ST. The 
next five columns represent the payload to displace~ent ratio, 
In a warship such as a frigate or destroyer, the payload is 
approximate~y 2 5 5  of the ship's d i s p ~ ~ ~ ~ m e n t .  On the other side 
of the spe&tru~ is a container ship where the payload is 80% of 
the ship's displac€~ent. In table 6, the total payload was 
divided among 6 ships, Based on these two tables, the team 
decided that the 6-ship option was the best because the 
displa~ement per ship was more feasible. ~ ~ r t h ~ r m o r e ,  the team 
alsu esti~~ted that the displ~cem€n~ would likely fall between 
35% and 60% of the ship's payload. These ~~nclusions were 




Table 5. 3-Ship Family With Piiyload to Displacement 
Ratio 
Table 6. 6-Ship Family With Payload to Displacement 
Ratio 
2 .  Types of Ships 
Other options explored by the team were the common platform 
design and the variants design. In the common platform design, 
all the ships would have exactly the SEIYI~ capabilities. In the 
variants design, a variety of hull versions would be built to 
host a smaller amount of related capabilities. For example, a 
ship of the sea base would be focused more on logistics 
capabilities, combat capabilities would be incorporated on 
another hull version. The following paragraphs describe both 
design philosophies’ advantages and disadvantages. 
a .  Common Platform Design 
Advantages: The common platform design would be better 
able to operate indeper~dently because each ship would possess 
the required self-protection capabilities called for in the 
Master List of Required Capabilities. A common platform design 
could be more flexibly redeployed without having to take a 
number of ships with it to provide the required capabilities. 
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Finally, the c o ~ o n  platform family of ships would be inherently 
more survivable in that the required capabilities would be 
present on each platform and system redundancy would be 
optimized. 
~~sadvanta~es: The c o ~ o ~  platform design would have to be 
a larger ship and therefore might cost more ~ o n e y  to procure. 
b, Variants ~ ~ i g n  
~dvantages: The variant design would be able to 
optimize on certain capabilities and these more focused areas of 
responsibility might lead to a more effective e ~ p l o ~ e n t  of the 
required capabilities. 
~isadvant~~es: The variant design would be less 
flexible in terms of ~m~loying platform elements ind~~enden~ly. 
Some variants would have little to no self-protection 
capability. There would be limited redundan~y; if one ship was 
da~aged, the entire system might lose a significant portion of 
the capabilities associated with that particular platform. 
D. KEY ~ ~ C ~ O ~ ~ G Y  AREAS 
The SEA IRD identified areas that impli~d tech~ological 
~nnovations in order to make the sea base a reality. Most of 
these tech~ologic~l innovations could be traced directly to the 
capabilities required for S~~~ 161. 
~eavy-lift U ~ R ~ ~ / V E ~ T R ~ ~  at sea (up to sea state 5) 
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2 .  
3. 
4. 
5 .  
0 Drawbridge, skin-skin, (LO/LO, RO/RO) 
0 Lighterage technologies (6.9. HSV, LCU, small craft) 
Cargo Handling Systems 
Automated warehousing technology to increase access 
and stowage density and provide selective offloading 
capability 
C4ISR Technologies 
0 Integrated s e ~  ,ase network capable of moni 
and meeting demand 
Operational Fires 
oring 
0 On demand and precise fire support provided by the 
sea base ships to reduce the MEB ashore logistics 
footprint 
Unmanned and Automated Technologies 
0 To reduce the size and weight of platform(s) and 




Movement of ordnance associated with 
the landing force and assets of the ACE 
E. CONCLUSION 
Requirements analysic’ was comprised of a two-pronged 
approach. A Top Down analysis of the SEA IRD enabled the TSSE 
design team to deepen their understanding of the SEA 
requirements for the sea base. A review of important Navy and 
Marine Corps concept papers was conducted in order to verify 
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require~ents that would meet the needs of the stakeholder. One’ 
salient issue that needed further clarification was the 
de€inition of a notional MEB. A Bottom Up analysis of existing 
and planned platforms associated with an expeditionary Sea Base 
was conducted in order to determine how the ~ a v y  and Marine 
Corps plan to achieve sea basing. A list of required 
operational capabilities was comprised as a frame of reference 
for the types of capabilities a single-hull design would need to 
incorporate in order to create a sea base. The 3ottom Up study 
I 
oncluded that a single hull design was worthy of further study. 
The results of the Top Down and Bottom Up analyses and the 
consideration of key te~hnulogles were merged into a single 
d o ~ u ~ e n t  that formed a baseline for discussion between the TSSE 
design team and the SEA team. The Master List of Required 
Operat~onal Capabilities (Master ROC; is included in A. The 
Master ROC covers all required Sea Basing capabilities/ key 
perfurmanee parameters of the system, and a number of questions 
to be answered by further study and interaction with the SEA 
team. Further iterations of the SEA IRD occurred based on the 
discussions held between the two teams. The final version of 
the SEA IRD is included in 3. Finally, the Master ROC, as the 
more detailed list of re~uirements, served as the design 
re~uire~ents for the TSSE platform design, 
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111. ANALYSIS OF ALTERNATIVES 
A .  SINGLE SHIP DESIGN 
The first design analysis was based on combining the 
capabilities of the MPF, LMSR and LHA ships into a single hull 
one-ship-does-all concept, which was referred to as the X-ship. 
Determining the size of the X-ship was the big challenge for 
this part of the project. Because three different platforms 
were being combined into one, some ship systems could be 
consolidated (from 3 propulsion systems down to 1) and others 
could not (vehicles storage volume could not be consolidated). 
A list of the capabilities of the three ship types (MPF, LMSR 
and LHA) was made to determine the requirements of the X-ship, 
using the L H A ( R )  CONOPS, LMSR ROC and the MPF(F) requirements as 
guidance. 
It was then decided to estimate X-ship displacement using 
overall ship volume. There are graphs that relate the 
displacement of different amphibious ships with their respective 
total volumes. These graphs reveal a trend for the relationship 
between total volume and displacement. By estimating volume, we 
could then predict displacement, and displacement can be used to 
find all sorts of other ship characteristics 
Next, the requirements of the X-ship were studied, to 
determine how much volume was needed for each requirement. This 
was the same method of chip size estimation that was being used 
by the second design analysis team. It was important to use the 
same estimation methods, so that the results were based on the 
same data. 
In fzct, one of the big challenges with the Analysis of 
Alternatives part of this project was to use the same data 
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ME3 was not easy to find, because it depends on concepts like 
 ST^^, which have not yet been fully defined. All three teams 
worked together to determine these numbers, and the resulting 
equi~ment requirements used by each team were the same. 
Because a one-ship design is required to perform all 
missions of the three ship designs it is supposed to replace, it 
was expected to be large. There was such a wide variety of 
co~ponents that the ship was required to have, including a well 
deck, a hanger deck, hospital, Marine Corps berthing, storage 
for vehicles and supplies, weapon systems, a large n u ~ e r  of 
antennas, machinery repair spaces, etc. The ship also had to be 
able to interface with supply ships to onload large a~ounts of 
supplies, much more than is currently done via unrep. This 
requirement is needed so the ship can remain on station and 
continue to sustain operations ashore for a long period of time, 
possibly indef~nitely. It was clear that the comb~nati~n of all 
these different capabilities was going to lead to a large ship. 
Current Marine Corps amphibi~us forces can be broken up 
into MEUs and MEBs. An MEU is contained aboard one LHA, one LPD 
and one or two LSDs. One ME3 is composed of three MEUs, 
additional aircraft and some large cargo ships that carry 
equip~ent, and troops for this e~uipme~t, troops whic~ are flown 
into the area. Using one X-ship to carry an MEU was predicted 
to yield a ship that would be in excess of l l ~ , ~ ~ ~  LT, larger 
than any naval &ombatant ever construct€d. A ship of that size 
raises all sorts of concerns, everything from an ina~ility to 
transit t~rough any existing waterway to affordability. It was 
decided to use two ships per MEU, and 6 ships per MEB. One 
thing that was noted during this process was the i~curporati~n 
of the M P S R ~ ~  into this one-ship-does-everything concept. Doing 
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this means the equipment normally staged on pre-positioned cargo 
ships was now going to be carried on the combatant. This was 
clearly going to lead to an increase in the size of this vessel 
over previous amphibious vessels such as the LHD. The 
anticipated increase in aircraft required to perform STOM was 
also seen to increase ship size. 
Estimating internal volume requirements was difficult. 
Care was taken to realistically account for all vehicles that 
were to be carried, as well as aircraft, supplies and personnel. 
The hangar volume was based on a given area with 30 feet of 
overhead. The hangar area was based on the combined footprint 
of all embarked aircraft. Each single ship was given two well 
decks, each of which were sized to the well deck of the LHD. 
Berthing volume was estimated using common sense, and all 
volumes and calculations were listed on a MICROSOFT EXCEL 
spreadsheet. For brevity, this spreadsheet is not included in 
this report but it is zvailable upon request. After volume 
calculations were completed, they were increased by 30%. This 
was done to account for space needed because it was felt that 
volume in th’e storage areas had been grossly underestimated. 
Accessibility is a big part of selective offloading, and more 
volume was thought to be needed to properly account for this 
capability. In addition, this extra volume served to account 
for any systems that had been overlooked, and to allow for a 
volume growth margin on the ship. This led our ship to have a 
volume of around 8.1 miliion cubic feet, which led to 5 
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disp~acement of around ~~,~~~ LT. 
During the ~ o ~ p a r l s ~ n  between the three different AUA 
options, the single ship design was far larger than the other 
ships, because the other designs did not incorporate a 30% 
margins- ~ i t h  this margi~ removed, the one-ship design dropped 
to around 48,000 LT, which better compared with the other two 
designs. 
8. ~ ~ R ~ ~ F  ~1~~ LEA ~E~ ~~ ~ ~ ~ E ~ T ~ ~  B) 
The second design analysis was based on an M F F ~ L M S ~  variant 
with a separate LHA design. The first step in t h e  analysis was 
to divide the r ~ q u ~ r e m e n t ~  between the ship types. The next 
step was to determine the weight and volume requirements fur the 
equipment that each ship would carry. Once the volume and 
weight requirements were calcolated, a graph was used to 
extrapolate the final length, beam, volume and displacement of 
the two ships. 
In order ta divide the req~irements between the ships, it 
was decided that the ~ P F / L ~ ~ ~  would fu~ction solely as the 
supply support vessel while the LHA would assume all of the 
cornbat roles. As a final constra~nt, an attempt was made to 
divide the requirements such that the weights and volumes would 
come out roughly equal for both ships. The goal was to crEate 
variants of a shared hull form. To further define the size of 
the two variants as well as make deplo~~€nt of these ships 
easily scalable, it was decided that each pair of ships would 
carry the equ~valent of a Marine Expeditionary Unit ~~~~~. The 
LHA with an M P F ~ L M S ~  variant could then bf easily scaled, If a 
ME3 were needed, for instance, the theater ~ o ~ a n d ~ r  would
mply deploy three LHA's with three M F F / L M ~ ~  ships k~owing that 
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they would have all of the equipment available for a MEB sized 
force. 
Having laid the ground rules for the division of 
requirements, the LHA(R) CONOPS,  LMSR ROC and the MPF(F) 
requirements were divided among the two platforms. Every 
requirement that was deemed to be of a combat nature was 
delegated to the LHA variant. If the requirement seemed to 
entail more of a supply/support role, it was assigned to the 
MPF/LMSR variant. When this was completed, the various amounts 
of equipment weights and volumes were put on the variants 
according to their use. In example, the MPF/LMSR variant was 
given a certain number of MV-22's to carry stores to the beach 
for use in STOM. Once a11 the volumes and weights were 
computed, a final weight and volume was assigned for each 
variant. See Appendix C for a list of the equipment carried by 
each variant. 
The first iteration for the variants turned out to be very 
successful in terms of the ship displacement. The displacements 
for the ships were nearly equal, which was a primary goal for 
the study. To actually determine what the final displacements 
for the ships were, a parametric study was conducted. BY 
determining the relationship between the overall volume of the 
ship and its full load displacement a linear relationship was 
determined and utilized to estimzte the full load displacement 
of the ships. A detailed volume calculation for each ship is 
shown in Appendix C. See Table 7 below for the basic 
characteristics for each ship. 
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The L~A/MPF with LMSR alternative combines two ships on 
similar hull forms but differmt structural re~uire~ents, 
layouts, and missions. The division of resources is as follows: 
the L ~ ~ / M P F  will have the bulk of t roops,  the combat systems, 
C41SR, and ACE support. This will be more l i k e  a combat or 
command ship. The LMSR will carry fuel, pruv~sio~s and 
a ~ ~ n i t l o n ,  support a hospital and interface with &o~~ercial 
shipping. This will be more like a support or MSC type ship. 
The com~inatiun of these two platfor~s are expected to carry a 
~ E U ~ ,  or a force equivalent to the s i z e  of a present day 
~ ~ ~ i b l o u ~  Ready Group ~~R~~~ plus the difference ~ e t w ~ e ~  the 
MEU and a third of a full MEB. 
The main e ~ ~ i n e e r i n ~  c o ~ s i d e r a ~ i ~ n ~  taken into account 
during this analysis were indefinite sustaln~ent, selective 
uffload capability, surviv~bility and scalability. The 
indefinite sustainment r€q~ir€m~nt drove the fuel and combat 
loading, ~ a l n t e n a ~ c ~  and logistics requirements that made the 
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analysis volume driven vice a weight driven design. The 
selective offload capability, more important for the supply 
variant, drove the internal layout for the ship such that there 
exits a simple means of accessing any vehicle or piece of cargo 
at any one time during an offload process and was accounted for 
using a volume margin. Survivability was selected due to the 
need for one or more of these ships to be able to support any 
portion of the MEB at any one time. While a specific number of 
these ships may be able to carry a full MEB, it was desired to 
have a MEU or similar size MAGTF completely supported by a 
lesser number of ships as the MEU size force is historically the 
most prevalent size MAGTF used. Finally, survivability was 
considered from the standpoint of combat systems defensive 
ability as well as ability to fight the damage control battle. 
The approach used to determine these rough estimates 
compared a top down approach and bottom up approach. The top 
down approach involved a graphical comparison estimate based on 
cubic number and volumetric capacity of current smphibious ships 
as well as the MPF 2010 TSSE design of 1998. 
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The curve in Figure 4 shows this comparison, Adding the 
known volumes for landing craft, reple~ishment requirements~ 
major co~unlcations equipment, and engineering equipment made 
an estimated volume of the ME3 equipment. This total volume was 
then doubled in order to account for space between e~ulpme~t and 
required accessibility. A cubic ~ u ~ e r  of approximat~ly 1 1 6 , O O O  
was derived from the graph. This value equates to an estimated 
ship volume of l l , ~ O O , ~ ~ ~  cubic feet. Based on the fact that 
the cargo estimate was calculated from block estimates of the 
equipment rather than their actual volume required, the top down 
estimate was deter~ined to be an overestimate- Given the data 
that was available for the MEB, however, this estimate could not 
have been improved. 
The bottom up approach was driven by the volume and weight 
re~u~rements of an ME3 and Sea Base system. ~ough weight 
estimates were made of all of the €allowing: known ME3 equip~€nt 
to include aircraft, a medical facility, habitability spaces, 
combat systems, basic a~unition, ~ropulsion and electrical 
requirements, necessary spaces for a crew size similar to that 
LHD plus one sixth of the MEB, an A I ~ ~  facility and fuel 
estimates. These require~e~ts were then divided on a percentage 
basis between the two ships based on their given missions as 
described above. Table 8 below shows the percentage ~rea~down 
for each ship. 
Table 9 shows the compar~~on of the L H ~ / ~ P F  with LMSR 
alternative ships. It is evident that the top down and ~ottom 
up approaches did not agree, however, this allowed the team to 
understand the ~agnitude of ship or family of ships that had to 
be build in order to meet the requ~rements of the project. 
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'Percentage Breakdown of Spaces: LMSR MPFlLHA 
PropulsionlAuxlElect 5.05 5.01 
I 
100.00 100.00 
we11 Deck (#LCAC) 
Vehicle Deck Area [ftn2] 
Volume M EU EquipmCarried(not incl troops) 
Cubic Volriine of Ship Hull[ftn3] 
Detail Volume req [ftn3] 
D is cr e pan c ies 
Table 8. Space Breakdown by Percentage for LHA/MPF 
plus LMSR Alternative 
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135,000 50,000 
1 ,35 8.1 96 2,521,848 
11,500,000 11,500,000 
9,423,513 10,699,049 
2,07 6,4 87 800,9fll 
's Cubic Number 
I F ealrires I Flight Deck Spots (include 6 x Landingspots CH-53) 28.1 7 
Overall, thin alternative does not effectively combine the 
most important resources of the three platforms evziuated into 
two, leaving an unbalanced division of functionality between the 
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two ship types and unanswered questions with regard to 
operati~nal concept. 
D. E V ~ W A ~ ~ U ~  C ~ ~ ~ ~ ~ A  AND C U ~ C ~ W ~ ~ ~ ~ S  
To evaluate the three previuusly discussed options the team 
developed a set of design criteria based on the priorities and 
as~umptions given in the SEA-IRD, the operatiunal experience of 
the officers on the team, and the input from the faculty 
advisors. In addition to our own experience, several members of 
the team traveled to San Diego to discuss  pera at ions with units 
that had recently deployed on a large deck amphibio~s ship and 
to take a guide tour of that ship. 
The total score was divided into two areas. The technical 
score comprised 7 5  % of the total score and operational score 
was weighted 25 % of the total score. The technical criteria 
were broken down into nine distinct function~l areas that the 
ship would have to perform and then weighted to reflect the 
importance to the overall mission of each area as seen in table 
10. ~phibious warfare ~~) was given 40 % of the total 
weighting because the reason for operating from a sea base is to 
project forces ashore without requiring a land based staging 
area. Implicate in the area of am~hib~ous warfare is the 
ability to conduct air operations for combat aircraft, and a key 
enabler to achieving the operational concept of STOM is a robust 
aviation capability. Logistics (LOG) was given the next highest 
weighting at 28 % due to the demands placed on the design by the 
re~uirement to be indefinite~y sustainable. Fleet Support 
~per~tions (FSO) and C41SR were weight~d at 11 % and 10 % 
respectively and round out the major con~ributors to the 
evaluation criteria. Fleet Support was rank slightly higher 
than C4ISR due to the re~uire~ent to support a multi~ude of Navy 
and Marine Corps systems from the sea base. It was determined 
that C41SR was important enough to have it own evaluation area, 
but that there would be some overlap with amphibious warfare in 
this area that would combine to give C41SR an effective overall 
rating higher than 10 8 .  
The remaining areas of evaluation are mine warfare (MIW), 
mobility (MOB), anti-surface warfare (ASuW), anti-air warfare 
(AAW), and under sea warfare (USW) . These areas comprise 11 % 
of the total weighting because it is assume that the escorts and 
the CSG will provide the majority of the sea base's capabilities 
in these areas. However, it would not be prudent to design a 
ship that will become the center of gravity for the sea base and 
not give it at least some self-defense capability. With that 
thought in mind, the areas mentioned above were included in the 
evaluation criteria but given an appropriate weighting in 








M I W  5 
MOE 2 
A S U W  2 
A A W  1 
usw 1 
Table 10. Evaluation Criteria 
Each of the options was then brief to the entire team and 
faculty and assigned a numericzl score between one and five 
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(five being the highest) by each of the team m e ~ ~ e r s  in the 
technical and operational areas. (Note the team leader and 
faculty did not vote to avoid showing preference for any single 
design.) The results of the team's evaluations were then put 
into a spreadsheet and a total score for each option was 
calculated in accordance with the evaluation criteria. The 
spreadsheet results were then brief to the team and discussed to 
ensure that majority consensus was reached with regard to the 
design option to send to the phase 111 ~ ~ o n c e p t u ~ l  Design), 
Figure 5 shows the final results for the four heaviest 
w e i ~ h t ~ d  technical areas, which encompasses 89 % of the 
technical score, as well as, the scores for operatio~a~ concept 
and total score. From figure 5 it is clear the team felt that 
option C (single ship design) provided clear advantages in the 
areas of amphibious warfare, C41SR, and operation concept. It 
is a l s o  cleai that in the opinicn of the team none of the option 
possessed an advantage in the area of logistic. The total scure 
favors option C and is the option that is selected to move to 
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As mentioned in the section concerning this alternative, 
six of these ships will carry a MEB and then three will be used 
as supply ships. The team was concerned that the supply ship 
would be over design and too expensive to make the concept 
practical. To resolve this issue it was decided that the ships 
would be design to a high level of modularity to allow all the 
warfare essential components to be added after initial 
construction or removed in during shipyard availability. As a 
result, the ship would be constructed as a supply ship with all 
the appropriate auxiliaries to support the later installation of 
the combat suite, and if necessary could be brought back to the 
shipyard to be converted to a combatant should the need arise. 
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In addition to the design req~lre~ent given in the IRD, the 
team developed a design phil~sophy to aid in ~aking sound 
engineering decisions. As indicated in the evaluation criteria 
welgh~i~g factors used in the analysis of alternatives, 
amphibious op€ratlons and logistics were key co~po~ents of this 
design and encompass the concept of sea basing. The followi~g 
list of priorities in order of highest to lowest were used in 
the decision ~aking process when cond~ctln~ design tradeoffs. 
Priority ~eighti~g 
Factor 
1 I A v i a ~ i o ~  ~ a ~ a b - ~ l i t y  High 
2. ~ndefinite Sustain~€nt High 
3 .  ~Ferational Flexibility High 
4. Combat Systems Defensive High 
5 ,  ~~dularity ~edium 
6 .  ~ a n ~ ~ n g  ed~ctlon 
7 .  Speed 
8 .  ~aintainability 
9. Cost 
10. Combat Systems, Offensive Low 
11. Appearance Low 
Table 11. Design Priorities 
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Aviation Capability 
Aviation capability is the single biggest improvement this 
platform must make over existing large deck amphibious ships. 
The IRD sets a requirement to operate from 25 to 250 NM from the 
beach and be able to conduct STOM as deep as 200 NM inland with 
the ability to reconstitute forces ashore in response to changes 
in the operational objectives. Once the forces are deployed 
then they must be sustained for an indefinite period of time. 
The only way to effectively deliver troops and maintain a supply 
chain over 400 NM miles that covers both land and water is I 
through the use of aviation assets. To ensure that the maximum 
sortie generation rates could be met the aviation capabilities 
were given the top priority. 
Indefinite Sustainment 
The requirement to operate for an indefinite period of time 
from a sea base was the second key aspect of this design. To be 
effective in mission accomplishment and a formidable threat to 
the enemy forces the sea base must be able to stay on station 
for a significant period of time. Since it is impossible to 
predict the duration of any conflict with reasonable accuracy, 
the length for sustainment was determined to be indefinite. It 
is not infended that the sea base w.ould be on station until the 
date of its decommissioning, but should be able to conduct 
operations at full capability until relieved by another unit. 
This issue is at the heart of sea basing. Without the ability 
to move all items necessary for combst and support through the 
sea base it becomes just another large combat ship. 
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Again, the uncertainty of future conflicts mandates that 
the forces dispatched to fight in them be able to quickly and 
efficiently re&onfig~re to meet the c h a n ~ i n ~  threat. This can 
happen on many levels. In the field, the ability to insert, 
retract, and re-insert at a different point is a hi~hly 
desirable ability now referred to as reconstitution of forces 
ashore. On a larger scale the ability to divide the sea base 
into smaller self-sufficient units capable of covering a n u ~ e r  
of lesser objective that are geogra~hically separated, and still 
retain the overall operational characteristics of S~~~ and 
indefinite sustain~ent, would allow the theater co~ander 
greater flexi~ility in addressing m u l t i ~ l ~  objective scenarios. 
At the Theater ClNC level the ability to rapidly deploy a ME3 
for 30 days using only three NESG provides coverage for the 
majority of the conflicts that may fall under his authority. 
Combat Systems, Defensive 
The assumpt~o~ of the NESG escorts and the presence of a 
CSG in the theater of operation significant~y reduced the combat 
system requirements €or this design. As a result the combat 
systems were given a lower priority than it would have received 
if the design was €or a cruiser or destroyer, The requirement 
to operate in the littorals however does demand that the ship 
have a signifi~~nt self-defense capability, especially with 
regard to shore based surface to surface missiles, small boat 
attacks, and mines. 
~ o d ~ ~ a r ~ t y  
~odularity is seen as one of the key enablers in 
con troll in^ the cost of this design and ensuri~g future 
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upgradeability. Both combatant and supply will be constructed 
on a common hull form, and to the maximum extent possible will 
share many of the same internal and external arrangements. 
Where it is not possible to configure both ships the same every 
effort will be made to use modularity to allow the conversion 
from one type of space to another. In the space where modular 
units cannot be used removable bulkheads and other semi- 
permanent structures will be erected. These efforts should 
allow a supply variant to be converted to a combatant during an 
extend availability. 
Manning Reduction 
The manning levels for this ship design will be set at the 
minimum number needed to accomplish the mission and still 
provide a margin for safety and quality of life. In appropriate 
areas of the design, technology solutions should be researched 
to reduce the crew size as well as increase the efficiency and 
reliability the ship's operations. 
Speed 
The speed and endurance requirements for the design do not 
present a significant enough design chsllenge to allow them to 
become major design driver. When compared with the size and 
speed of an aircraft carrier the estimated size of this design 
should not limit speed to less than 25 knots. In limited 
operational scenarios it may become desirable to maintain speeds 
in excess of 30 knots for short durations, and thus should be 
given some consideration in the design. 
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Due to the anticipated high initial ac~uisition cost of 
these plat€~rms and the limited number of facilities that could 
maintain a ship of this size it is necessary to extend the life 
of these ships as much as possible- This is one method of 
offsetting the high front-end cost f o r  these ships. 
~dditionally, a lower cost of ow~er~hip over the life of the 
ship will free up more money for constructi~n and upgrades. 
Cost 
Due to our limited ability to model and predict certain 
aspects of this design the cost estimate may be the most 
inaccurate portion of this design. For this reason cost should 
not be a high priority design driver. It is also felt that the 
cost for a platform that could truly deliver the sea basing 
capa~ility could easily be justified. More emphasis should be 
placed on reducing the cost of ownership and future upgrades 
than the initial acquisition costs. 
Combat Systems, Offensive 
The offensive capabilities for the sea base have been 
delegated to the escort units and the CSG. The requirement for 
NSFS in the I R D  applies to the sea base as a whole and not each 
individual ship. However, since this ship will be operating 
mainly as an amphibious assault ship it should have some 
capability to support the GCE ashore. Because this capability 
is present in other platforms of the sea base it should be given 




The appearance of this ship should be one of dominating and 
impressive stature, as it will undoubtedly become a capital 
warship and a symbol of American strength and presence around 
the world. This should not take precedence over other design 
consideration that would in anyway reduce the combat readiness 
of this platform. 
B. DESIGN OBJECTIVES 
The design objectives for this project were derived from 
the guidelines established by the SEA team and the faculty 
advisors for the TSSE program. The SEA Team developed a set of 
system-level requirements designed to describe the kind of 
solution needed to cover the gap in sea basing capabilities. 
The presentation of the system-level requirements by the SEA 
team to the TSSE design team initiated a requirements analysis 
phase that was meant to be iterative and interactive between the 
SEA team and the TSSE design team. This process is more 
thoroughly explained in Chapter I1 of this report. Clearly, 
therefore, a very crucial design objective was to adhere to the 
Systems Engineering methodology as defined by the SEA team and 
adapt the methodology to this project. 
The design objectives also involved the directives and 
guidelines of the faculty advisors. The faculty directed the 
TSSE design team to explore the interaction and interfacing of 
various subsystems such as hull, propulsion, and combat systems 
in order to produce a balanced ship design that satisfied the 
system-level requirements established by the SEA team. The goal 
was to integrate the representative academic disciplines of team 
members to create a kind of synergism in achieving the end 
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product. , This would, if done properly, not only achieve a 
better design but also enhance the learning process of all 
involved. Employing Systems Engineering principles throughout 
the project was also a key aim of the faculty and, therefore, an 
~mportant design objective. 
One of the primary  consideration^ in developing our design 
constraints~ and a design re~uire~ent from the SEA-IRD, is the 
ability to gain access to major ports in the United States. 
Along with the above re~uirement? another goal of this project 
is to explore the impact of future technology on ship designs. 
In order to ensure a realistic and relevant product the design 
was bounded by the €o~lowing pa._ rarneters: 
1.Draft no greater than that of a nuclear powered aircraft 
carrier. 
2. Height above the waterline no greater than that of a 
nuclear powered aircraft carrier. 
3,Overall length no greater than 1 ~ ~ 0  feet. 
4.  isp placement no greater than 1 0 0 ~ 0 0 0  LT. 
5.Beam no greater than 300 feet 
6. Technology that could be ready f o r  ~hlpboard implementati~n 
by 2 0 2 0 .  
The reference to the draft and height of an aircraft carrier 
ensured the ship could gain access to any port currently capable 
of receiving an aircraft carrier I Constraints three thr~ugh 
five were set to control the size and cost of the design and to 
e n s u r e  that a reasonable power plant could be i ~ ~ l e m ~ n t e ~  to 
meet the SEA-IR~ speed requirement. Constraint ~ u ~ e r  six was 
set to limit the te~hnology research to a time period that the 
. - . . . . . 
advances in technology could be predicted to some degree of 
certainty. By adhering to the above constraints the product of 
this project should be s design that is achievable in the near 
future and provides the Navy and Marine Corps a significant 
improvement over current expeditionary platforms. 
D . TECHNOLOGY ENABLERS 
1. Flight Deck 
Manning reduction and increased throughput of supplies to ' 
the forces ashore were extremely important considerations in our 
ship design. The flight deck presented an excellent opportunity 
to apply technologies such as robotics to achieve the desired 
manning and throughput results. The following paragraphs 
describe some of the possible uses of automation and robotic 
technologies that were incorporated to the flight deck. 
SENSOR TECHNOLOGY 
1 .  G e n e r a l  D e s c r i p t i o n  
Because the flight deck was design without a traditional 
tower, the flight deck will have Radio Frequency Identification 
(RFID) sensor grid that will keep track of aircraft, equipment, 
and personnel movement on the flight deck. The sensor grid will 
relate each entity location into a flight deck model situated in 
flight deck control. The sensor grid will also serve as a 
navigation grid for unmanned flight deck equipment. The R F I D  
transponders and readers form the basis of the flight deck 
sensor grid. The passive transponders offer a general-purpose 
read/write capability that can be programed with description 
data such as type of aircraft, mission, maintenance status etc. 
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User data is written to and read from m€~ory blocks using a non- 
v o l a t i l e  E E ~ R ~ ~  silicon techn~logy. Each block is separately 
progra~able by the user and can be locked to protect data from 
~udificatlon- 
~ultiple HF transponders that appear in the Readers RF 
field can be written to and read from by using the Simultaneous 
~dentification ( S I D )  n u ~ e r ,  which is progra~ed and locked. 
The Reader ~odule handles all RF and digital €un&tions required 
to read multiple transponders. 
2 - ~ r ~ ~ s ~ ~ ~ ~ e r 5  
The HF transpon~er consists of a resonance circuit 
assembled on a foil with a flip-chip mounted ~ ~ c r ~ c h i ~ .  An 
alu~inum antenna is used as inductor and 2 layers of ~ ~ u ~ i n u m  on 
the top and b~ttom side of the fail function as capacitor. The 
two layers are contacted through contacts. To protect the 
transponder from corrosive influences, t h ~  a l u ~ i n u ~  is covered 
with gravure-resist ink. The HF tran~punder is a low power, 
full duplex transponder for use with passive contact less 
identification transponder systems. The transpond~r is designed 
to operate with a HF carrier frequency. ~ o w n l i ~ ~  &u~unication 
(Reader to  transponder^ is accomplished by pulse width 
~ o d ~ l a t i o n ~  Up-Link ~ ~ ~ ~ n i ~ a t i o ~  ~Tr~nsponder to ReadEr) is 
l~plemented with sub-carrier ~ ~ d u l ~ t i o n .  Both, Up and Down Link 
are frame synchronized and Cyclic ~ed~ndan&y Check ( C ~ ~ ~  check 
sum secured. The device provides 256 Bit non-volatile u s e r  
~l€~ory with block wise read/write and locking f~nctionality. 
Each transponder has a unique address thzt is €ac~ory-progra~ed 
and 32 bits long (232 different addresses). Each transponder 
can be addressed with this unique ID or one can use the non- 
addressed mode I A ~echanism to resolve collisions of a 
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multiplicity of transponders (Simultaneous Identification - S I D )  
is also implemented. This special feature allows multiple 
transponders to be read simultaneously. The SlLi mechanism offers 
the capability to inventory in a very short time a large number 
of transponders by their unique address provided they are within 




Reader Module . b m m  
with Matching 
- Board - RS232 Interface 
L 
The RS232 Interface module converts the asynchronous 
Transistor-Transistor Logic (TTL) signals of the Reader Module 
to standard RS232 signals. The TTL input/output interface is 
augmented with a serial interface when the reader module is 
combined with the RS232 Interface Board. This board provides an 
asynchronous serial communication interface that can be directly 
connected to commonly used system controllers or P C s  [10,11]. 
Transponder 
I 
Figure 6. Transponder Reader System 
ROBOTICS 
Today, most of the operational robots carry out tasks which 
are too dangerous for humans to perform. Today, the enormous 
advances in machine vision and autonomous navigation wili 
4 0  
c o ~ l n e d  with software ,,technology like Artificial ~ntelligence 
(AI) and Expert Systems {ESj, and will bring a revolution in 
robotics. In a not so distant future, robots will perform a 
larger, more complex variety of tasks. 
3 .  ~ e ~ ~ ~ g  ~ y s t ~ s  
Currently, fueling systems on a large flat top consists of 
pump rooms located around the deck edge. Fueling teams composed 
of two to three personnel unroll a fueling hose from a rail, 
start the pump and fuel the aircraft. In the propose fueling i 
operational concept, a robotic vehicle similar to the one 
depicted in Figure 7 will navigate thro~gh the flight deck to a 
designated aircraft pit spot. The sensor grid previously 
described will served as a reference map to the robot while its 
advance obstacle and collision avoiding algorithm software will 
guide it ~ h r o u ~ h  a labyrinth of aircraft and e~uipment. The 
~ulti-resolution Automated Path Planning Evolution~ry  outing 
~~~~~€~~ genetic algorith~ ~ ~ A )  is ~~corporated into the Unified 
Control Solution for path ~lanning of autonomous vehicles aboard 
Navy ships. ~~~~~~ functions as a basis for ~lanning when 
explicit con€iguration space computation is not feasible. ~~~~~~ 
has already been evaluated on problems of 2 to 6 degrees of 
freedom, l~cluding multi-degree-of-fre€dom (do€) ground vehicles 
 ork king in maze-like corridors and cluttered zreas 1221. 
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I I 
Figure 7. Multifunction Robotic Vehicle 
The robotic vehicle will approach the pit stop where the 
aircraft is waiting to be served, unlatch the top of the hydrant 
fueling system [13] illustrated on figure 8 and attached its 
probe to the fueling valve. Meanwhile, the robot identifies the 
aircraft fueling points, and deploys its fueling arm to fuel the 
aircraft. The described sequence of events is not so far from 
reality. Scientists and engineers are currently working in 
these types of problems. Research has already tested avoidance 
collision elgorithms in ground vehicles ( 1 9 9 5 )  and air vehicles 
(2001). The next step is to fully test the Unified Control 
Solution vehicles under shipboard and sea state condition [ 1 2 ] .  
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Figure 8 -  Hydrant Fueling System 
(Source: Dabico Inc. 1 
This protot~e of robotic firefighter has been developed to 
withstand temper~t~res of up to 800 degrees centigrade. All the 
wiring has been upgraded to survive in the heat of a fuel fire. 
The robotic firefighter is controlled remotely. The driver can 
see what is h~ppening in the blaze ~ h r o u ~ h  two cameras, infrared 
and standard, which beam back video pictures. At the front is a 
powerful g r ~ b b i n ~  arm, which has ~ u l t i p ~ €  funct~ons such as 
debris and ordnance removal. Even thuugh this vehicle is still 
man operated, it could potentially replace an entire hose team of 
about five to six people. In the future, the incorporation of A1 
and ES will event~all~ make this type of robot fully capable 
wlthu~t human intervention. 
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Figure 9. Robotic Firefighter 
3 .  T o w i n g  and T i e  Down Systems 
Depicted in figure 10 is an omni directional vehicle [14] 
that will tow aircraft and other pieces of flight deck equipment 
[15 ] .  Equipped with the advance navigation and anti-collision 
software algorithm, this vehicle will navigate to the designated 
place on the flight deck where the aircraft is to be towed. 
Once in position, the vehicle will deploy its robotic arm and 
attach it to the aircraft's main landing gear. Meanwhile, two 
smaller robots will deploy from the same vehicle and position 
themselves near to the secondary landing gear. Using the sensor 
grid as a reference map, the towing vehicle will tow the 
aircraft to its designated spot. Once in position, the towing 
vehicle will command the chock and chain robots to deploy and 
complete the aircraft tie down. 
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Figure 10. Umni Directional Vehicle 
The omni directional vehicle will have several variants 
that will considera~ly enhanced flight deck operations. A 
different vehicle variant will have a set of forklifts and a 
conveyor like cargo surface. The vehicles will a have a cargo 
capacity of 1 2 , ~ ~ 0 -  The forklift will pick up cargo pallets and 
lift them up. When the forklift reaches the cargo surface, the 
conve~or will place the load on the cargo surface. Su~seque~t 
loads will be loaded to the vehicle until either the load 
reaches the maxi~um cargo weight capacity of the vehicle or the 
cargo surface is full. The loaded vehicle will t~ansport the 
load to the desi~nated aircraft or spot, and unload the load in 
a similar manner as described above. 
Another variant of this vehicle will be an integrated 
maintenance and support vehicle. ~aint~nance personnel will 
have diagnostic software and the necessary tools to perform 
basic diagnostics and maintenance. The vehicle will 
automatically keep track and invent~ry its tools, preventing 
possible Foreign Object Damage ~~~D~ to aircraft engines. 
2. At-Sea-Transfer and Logistics A ~ t u ~ ~ t i u n  
An i~portant element of the design philo~o~hy for the Sea 
Force ship was manning reduction. ~~storic~lly, in large ships 
such as LHDs  and CVs, the supply depart~ent is one of the most 
45 
manpower demanding departments. Ironically, it is by far, the 
department that could be benefited the most by automation 
systems. For this reason, the Sea Force Ship design has 
incorporated a number of cutting edge technologies in order to 
maximize throughput and minimize manning. 
The Office of Naval Research (ONR) has undertaken an ambitious 
program that concentrates in future Expeditionary Logistic 
capabilities. One of the studies focuses in particular on 
Shipboard Internal Cargo Movement [16] . The following 
paragraphs describe some of the technologies being research by 
ONR, how these technologies are incorporated in the Sea Force 
Ship design, and the benefits these technologies will have in 
future Expeditionary Logistics. 
1 .  Hybrid L i n e a r  A c t u a t o r  
The actuator will combine a set of magnetostrictive 
thrusters with either a tubular linear induction motor or a 
linear synchronous motor (LSM) that could replace hydraulic 
cylinders or electric motors in cargo handling gear such as 
ordnance and cargo elevators, and conveyor belts. Figure 11 is 
ONR’s representstion of a Linezr Actuator. 
4 6 
Figure 11. Linear ~ c t ~ a t o r  (Source: ~~~~ 
Potential  benefits 
Potential for weight, space and power savings. 
Potential to improve many cargo handlin~ systems by 
replacing hydrau~lc or electric motors, 
Reduced ~aintenance, particular~y specialized (fluid 
s y s ~ e m ~  
Repair personnel. 
Supports electric ship initiatives. 
2. Linear E l e c t r i c  D r i v e  ~ e c ~ ~ o ~ o ~  
This t€c~nology will be incorpora~~d to hori~ontal~vertical 
cargo ~ o v e ~ € n ~  systems powered by Linear ~nductiu~ Motor ~L~~~ 
technolo~y* This is an extension of a previous S B I R .  ~echnology 
develo~m€nt includes a prime mover, breaking and control system 
for t h e  conveyor. The system allows a ~ t o ~ ~ ~ l c  tr~nsl~lon between 
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horizontal and vertical movements. Some of the goals ONR has 




Figure 12. Vertical/Horizontal LIM 
Conveyor Belt (Source: ONR) 
Potential  benef i t s  
0 Handling Naval packing up to 12,000 lbs. 
0 30 E workload reduction over current systems. 
0 20 % weight reduction. 
0 20 E power consumption reduction. 
0 Reduced Workload due to robotics and system 
controls. 
Improved integration ability since vertical movement 
trunks do not need to be perfectly vertical and 
follow hull contours. 
0 
Increased throughput speed resulting from ability to 
handle larger loads. 
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The omni-directional vehicle married to a forklift type 
operation is capable of motion in any direction and could rotate 
within its own footprint. It will have an intelligent control 
and navigatiun system that allows it to autonomously travel 
between deck stations and a hold. 
Figure 13. Omni Directional Vehicle 
(Source: N ~ V ~ E ~ ~  
Potential  benefits 
Handle Naval packing up to 12~0## lbs. 
~ ~ r o u g h ~ u t  of 414 pallet and 100 ~ ~ ~ D C U ~ ~  in 6 hrs. 
50 ‘E ~ a n n i n ~  reduction, 
50 % power consu~ption reduction. 
50 ‘E weight and volume reduction. 
8 Reduced ~orkload due to robotics and system controls 
a~lowlng autono~ous navi~~tion- 
Omni-~irectional motion has less arrangement impact 
than forklifts by €liminatin~ turning areas. 
Potential for reduced ~ ~ i n t e ~ a n c ~  over forklift 
trucks I 
0 Will carry larger loads than forklifts but have a 
smaller footprint. 1 
4 .  Advanced Weapons E l e v a t o r  
This new weapons elevator and ballistic elevator shaft 
cargo hatch for aircraft carrier-type weapons elevators will 
improve weapons handling rates with reduced maintenance and 
enhanced utilization flexibility. The primary technology is a 
. 
spindle screw actuator with condition-based maintenance built 
in. The system includes a new, faster ballistic hatch and a 
highly dexterous mobile elevator carriage. 
I 




































Figure 14. ~ Advance Weapons Elevator 
(Source: ONR) 
Potential benef i t s  
0 30 6 workload reduction. 







20 % power ~ o n s u ~ p t i ~ n  reduction. 
100 % redundan~ system, 
Increased aircraft sortie rates. 
 prove elevator shaft ~tilizat~on by a factor 
of 5. 
€nhanced utilizati~n flexi~ility. 
Potential for increased relia~ili~y and reduced 
~ainte~an&~. 
In support of the ~ ~ V S ~ ~ R ~  automated ~agazine, two high- 
risk & o ~ p o ~ e ~ t s  - the Standard Payload Interface (SPI) and 
Robotic Pallet Carriers - will be developed. SPIs provide ~~~~~ 
grasping interface and a~to~ati~ally secure cargo 
Payload Carriers are powered, robotic sleds that 
move loads  around the ~ a g ~ ~ i n e .  
for transit, 
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Potential benefi ts  
Handle Naval packing up to 12,000 lbs. 
Selective off load 
Operate continuously on 15' heel, and maintain 
load control on 30' heel. 
A Universal Handling Platform is required for 
dramatic 
Improvement in cargo handling. 
Interface with NAVSTORS automated handling 
systems. 
0 Enables Selective Offload of magazines and 
holds. 
6. Automated Stowage and Retrieval System 
The ASRS system would automate storerooms, holds and 
magazines and would allow for selective offload of pallets or 
containers. Loads would automatically be locked into stowage 
during Strike-Down and unlocked for Strike-Up. 
Potential  benef i t s  
Handle Naval packing up to 12,000 lbs. 
0 Throughput of 414 pallet and 100 QUADCONS in 6 
hrs. 
0 Operate continuously on 15' heel, and maintain ' 
load control on 30' heel. 
75 % manning reduction. 
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& Selective off load 
8 Reduced ~orkload due to robotics and system 
controls - 
8 Selective offload to the package ~no~inally 
pallet) load. 
Increased throug~pu~ speed resulting from ability 
to handle larger loads. 
7 .  ~ ~ t i ~ n  ~ u ~ ~ e ~ ~ ~ t e ~  Crane 
In its normal mode of operations, the ~otion c ~ ~ p e n s a ~ e d  
crane is extended transversely from the warehouse and is 
expected standard container loads at sea state 4 with an 
estimated thro~ghp~t expected to at 29 TEUs per hour. The 
ability of the crane to be recessed i n t o  the warehouse when not 
in used and to operate with ~inimal intrusion into the flight 
space above, makes it well suited for the ship design. 
Potential benefits 
Handle ~o~~ainerized cargo up to 2 4 , ~ ~ ~  lbs. 
I ~ h r o ~ ~ h p u t  of 29 IS0 container per hour. 
Uperate continuously up to sea state 4 .  
& Reduced ~orkload due to robotics and system 
controls. 
Selective on-load due to transverse motion of 
crane over delivery ship. 
8 Increased throughput speed resulting from ability 
to handle larger loads. 
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Figure 16. Motion Compensated Crane 
(Source: NIST) 
3. Propulsion 
1 .  Propulsion P lan t  Trade off  S t u d i e s  
The considerations for the propulsion plant are minimizing 
the weight and the size, cost of the construction and overhaul, 
fuel efficiency, endurance, maintenance, modularity and location 
flexibility, manning, resistance to vibration and shock, easy 
and quick start up times and reliability. All possible marine 
propulsion plant types were researched. All the studies were 
held parallel to Operational Requirement Document. 
The researched marine plants are conventional steam plant, 
nuclear steam plant, diesel, gas turbine and the fuel cell. 
These systems are compared with respect to the design 
consideration mentioned above. 
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Cunvent~onal Steam Plant: The conventional steam plant is 
most efficient €or different loading conditions and low speed. 
High power is also available most of the time- Another advantage 
is the ability to use the steam for the auxiliary syste~s. In 
addi~ion, it is really easy to start up, but requires a high 
volume and weight. The fuel efficiency is low. So-this brings up 
high volume require~ent for the fuel storage. ~anning and the 
maintenance is also a problem, it needs long overhaul time and 
requires huge amount of manning- According to design 
considerations the steam propulsion plant was n o t  found to be I 
the ~ p p r ~ ~ r i a t e  plant for the design. 
Nuclear Steam Plant: The most important advantage of the 
nuclear plant is its high endurance. It is not needed to refuel 
repeated times compared to other systems. It doesn't need air 
for c o ~ ~ s t i o n .  Since one of the most i~portant missions of the 
designed ship is air  operation^ this system enables much more 
fuel storage €or the aviation assets, Rut it is the one most 
cost inefficient. It also requires high m ~ n n ~ n g  and personnel 
training in service and during overhaul period. Another 
disadvantage of this system is weight because of the shi~ldin~. 
~adiation, long start up time and political problems due to 
nuclear plant are other disadvanta~es. The all the information 
about the nuclear plants is classified, so the design team 
couldn't get the satisfactory results from their research.  hen 
the advantages and the disadvantages of the nuclear plant are 
weighed~ it was decided that this type of ~Kopulsion system is 
nut feasible €or the design. 
Diesel Engines: Even thou~h the diesel engines are cost 
efficient and have low specific fuel consumption, because of its 
high weight requirements and high lube oil consum~tion it was 
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out of the design. Diesel systems have space and arrangement 
problems due to need of several engines per shaft. The number of 
engines, which will be used to meet the power requirement, will 
add a lot to volume and weight. So the diesel engines were 
dropped from the design. 
Fuel Cells: The fuel cells have very good advantages but 
the power is really a big problem. Even its efficient, modular 
design, fuel flexibility, and combustion less and pollution free 
source of power, the current technology can't give enough energy 
to the designed ship. Even if it is used with a gas turbine it 






--- - ---., 
30 1 , I I I 
1kW 1Mtw l o w  l a w  1QHIW 100aw 
Power Plant Ca pac ?y 
Figure 17. Fuel Cell Power Capacity 
Gas Turbines: The advantages of the gas turbines are 
lightweight, low specific fuel consumption at high speeds, 
modularity and location flexibility, quietness, reliability and 
easy start up time. Maintenance and manning can be added to 
those mentioned above. The main disadvantage was seen to be due 
to large intake and exhaust ducts. This will be a bad issue for 
volume and NBC problem. But it was decided that these advantages 
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could be lowered by ad~ustments to the design and ~rupulsion 
plant, The high SFC for the low speeds and high unit cost is 
another disadv~ntage- 
2. Gas ~ ~ r ~ ~ ~ e  ~ 0 ~ ~ ~ ~ s ~ ~ ~  
~~~: With 36 ~ of total ~ower' MT 30 was anuther choice 
for the pr~pul~ion plant. It has a thermal efficiency of more 
than 40 % .  The SFC of this engine is even efficient while 
~~erating at 7 0 %  of f u l l  power. Even t h ~ u ~ h  it has a small 
weight; it has almost three times more volume than the LM 6 ~ 0 ~ .  
To achieve the full power of the ship, 5 M~~~ must be utilized, 
In this case volume re~uirement for the machl~ery room will 
increase dramatic~lly therefore this type of engine is not 
feasible for the design. 
I 
Figure 18. MT 30 Gas Turbine 
ICR WR21: This gas turbine can save fuel by utilizing the 
inter cool in^ technology- Its annual fuel saving is in the range 
of 14% to 25% depending on the ship's mission. But its weight is 
the leading disadvantage. The ship will need 6 of these engines 
to get the required f u l l  power and only its weight pushes it out 
of the design. 
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Figure 19. ICR W21 Gas Turbine 
LM2500: This engine has a variety of uses in marine 
applications. It uses the latest power plant technology. Jt 
gives great flexibility for cogeneration and combined cycle 
applications. Ability to use the exhaust gas to produce heat 
increases the overall efficiency. This steam can be used for 
auxiliary systems like boilers and other equipments. The LM 2500 
has an availability rate of 99.6 % .  Engines need corrective 
maintenance of 40 hours in every 10,000 hours. The hot section 
maintenance is done in every period of 12 000 to 15 000 hours. 
LM 2500 was taken into account for ship service and loitering 
speeds. But, it was decided that; because of its low power with 
respect to power requirement of the ship and the high SFC it is 
not the engine for the design. Compared to its advanced model LM 
2500+, even it weighs is 10% less, it has almost 90% more volume 
due to its width. 
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Figure 20, LM 2500 G a s  Turbine 
~ Z ~ U U ~ :  This engine is the newest technology and newest 
aeroderivative design of the GE ~ ~ m p ~ n y .  It is the advanced 
model of the LM 2 5 ~ ~ .  It delivers 2 5  % more power than LM 2500. 
Availability rate of the LM 2 5 ~ ~ ~  is again 99.6 %. ~elia~ility, 
high efficiency, low SFC, ins~allation flexibility makes it one 
of the most demanded engine in the market of marine 
applications. It has simple cycle thermal efficiency of 39% at 
IS0 conditions. The L ~ Z ~ 0 0 ~  achieves increased power over the 
LM2~00 ~rimarily by incre~sing the compressor airflow 23%, with 
a minimal increase in co~ustor firing temper~ture by adding a 
com~ressiun stage ( z e r o  stage) to the front of the L ~ 2 5 0 ~  
~~mpressor. The temperature capability of the hot section was 
also  increased by adding a thermal barrier coating to the 
co~ustor, u~grading turbine airfoil materials and by im~roving 
internal cooling designs. The designed ship will need 15 ~ of 
daily electric power. Lm 2500~ is chosen for  loitering speeds. 
With only one LM 2 5 0 0 ~ ~  the 24-hour electric load and up to 14 
knots loitering speed can be achieved, 
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LM 1600: 
Figure 21. LM 2500+ Gas Turbine 
LM 1600 is another aero derivative engine of the 
LM series, which is derived from F404 turbofan aircraft engine. 
It is fairly small engine for the design. It has been taken into 
account for the trade off studies for 20 days of stationary 
position of the ship, providing only electrical load. The 
comparison was made with LM 2500+. The designed ship’s electric 
load is 15 MW, which is maximum power for LM 1600. So in order 
to feed the ship for the electric load the LM 1600 must be run 
in full power, where Lm 2500+ must be run in half power. It 
gives only 10% fuel saving compared to LM 2500+. So it is 
dropped from consideration. It was not seen feasible to have 
another type of engine for only 10 percent of fuel saving in 20 
days. 
Figure 22. LM 1600 Gas Turbine 
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Figure 23. LM 2 ~ 0 ~ ~  ti LM 1 6 ~ 0  Fuel 
Consumption Co~~arison For 20 Days Of 
Electrical Load 
~~~~~~ The LM600~ is the most fuel-efficient simp~e-cycle 
gas turbine in its size class today. It delivers ~?330 HP with a 
rhermal efficiency over 40%. It provides the power and 
unpre~edented efficiency needed by users at an installed cos t  
that is co~pet~tive with any gas turbine. It is usually being 
used most efficiently with the cargo and fast ferry ships in 
marine applications. It is also an aero derivative, derived from 
the C F 6 - ~ ~ C 2  ~ o ~ e r c i a l  aircraft engine. Its corrosion resistant 
material and coatings provide m ~ x i m ~ m  parts life and 
reliability. 
Figure 24. LM 6000 Gas Turbine 
TURBINES 
LM6000 
LM2 500+  
LM2500 
LM 1 6 0 0  
Table 12. Gas Turbine Comparisons 
The designed ship will need power over 218 000 HP with the 
24 hour electrical load. Six types of gas turbine engines were 
discussed. Each of them was considered with respect to 
dimensions, weight, volume, fuel efficiency, and maximum power. 
It was decided that the most feasible prime movers for the 
design are LM 6000 and the LM 2500+. To get the power needed by 
the ship, six LM 2500-t or four LM 6000 or three LM 6000 and one 
LM 2500+ is needed. With the choice of six LM 25001- and four LM 
6000 we will have excess power. The designed ship will not need 
speeds higher than 30 knots according to ORD. So the most 
feasible design for the propulsion plant is three LM 6000 and 
one LM 2500+. 
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If LM 60OO is used f o r  lolterln~ speeds instead of LM 
2 5 0 0 + ~  over the period of a month 323 LT more fuel will be 
needed due to specific fuel consumption rates, besides there 
will be excess power, more volume and more weight. It seems the 
LM 2 5 0 0 ~  gives better fuel consumption in low speeds compared to 
LM 6000. 
LM 2500+ performs very inefficiently between 15 and 17 
knots- The SFC f o r  the LM 2500+ is efficient only up to 9 knots. 
LM 6000 has smaller SFC for the speeds higher than 10 knots. 
A s  a conclusion for the propulsion plant three LM 6 0 ~ 0  and 
one LM 25OO-t will be used in the design. The LM 2500+ will be 
utilized for the daily electric load and loitering up to 10 
knots. LM 6 0 ~ ~  will be used €or the higher speeds and combat 
system req~~rem~nts- 
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Figure 26. Speed versus SFC Comparison 
Between LM 2500+ 6 LM 6000 
3. Propulsors 
Two technologies were taken into account for the trade of f  
studies of propulsors. These are propellers and electrical pods. 
Since there is no high-speed requirement for the design water 
jets and the hydro drives are kept out of consideration. Another 
disadvantage of the water jets is the weight problem. The water 
entering the duct increases the weight of the ship. When the 
speed of the designed ship is considered even hydro drives 
cannot get rid of the water, which causes the weight problem. 
The main comparison and discussion was made between pods 
and the conventional propellers. The figure below compares two 
systems on an arctic tanker type ship. 
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Figure 27. Conventional Propulsion 
System and Electrical Podded Propulsion 
System ~o~parison 
The main engines are co-located with the propulsion mutors 
whose positions and installation angles are derived from the 
shaft design and location. Long shafts bring high cost and 
d~stribution of the wake f5eld with it, If the shaft line is 
shortened, then the angle of the shaft line increases. Location 
and arrangement of the pods give great flexibility to designers. 
There is no problem of pusitioning for the shafts, ~ r ~ p ~ l s i o n  
motors and the prime movers. The pods also give location 
flexibility for the machinery room a~~angements. 
Elimination of the shaft lines and the stern thruster gives 
weight reduction for the design. The only dlsadvanta~~ of the 
pods in terms of spacing is; they save space in the lower decks 
but they need more area in the deck above the pod, because the 
turning, cooling and the power supply e~uip~ents o c c ~ p ~  more 
than the co~ventional rudder machinery room, 
The ship is more maneuverable with the pods. It is 
predicted that, docking times can be reduced by 20 % .  The use of 
the pods eliminates the stern thrusters. But at the same time it 
increases the forces, which can be generated during luw speed 
maneuv~ring~. In addition to that; in m o s t  situ~tio~s large 
6 5  
forces can be generated in the aft of the ship during crabbing 
operations due to large installed power of the pods. The 
disadvantage of the pods in maneuvering is the inefficient 
operation with high speeds compared to rudders. In today's 
technology designers are studying steerable flaps connected to 
the pod for course keeping at high speeds. By the year of 2020 
this it is expected that this disadvantage of the pods will be 
overcome. 
Material cost of the pods is relatively high. Because the 
pod unit has lots of propulsion system parts in it. But on the , 
other hand compact design of the pod reduces the overall 
material and installation cost. The repair and test of the 
podded drive can be done separately in the workshops of the 
shipyards. This increases the repair and test efficiency of the 
pods compared the work done on the board. 
After weighing'the advhntages and the disadvantages of the 
two propulsion systems the design team decided to use pods for 
the propulsors. 
4 .  Propulsor Motor Selection 
The propulsor motor selection trade off studies were made 
among HTS AC synchronous motors, conventional motors and DC 
Homopolar motors. The AC synchronous motor and the DC Homopolar 
motor are superconducting motors,, which are being demonstrated 
by ONR. Table 13 below shows the comparison between 
superconducting technology and conventional systems. 
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Table 13,  omp par is on of ~upercond~cting Electric Power 
~pplications to Conventional ~e~hnologies 
As seen in the table the s~per~onductin~ technology 
increases the system performan~e. There is no loss for 
reliability and the mainte~ance and they have longer o~era~ing 
lifetime. Even with these kinds of impr~ve~ents they don't have 
a s i g ~ i f i ~ a n ~  change for the efficiency. The only di~adva~~age 
from the table is the cost. The size and the power density of 
the convention~l motors are far away from our requirements. 
Since the pods are chosen for the ~ r o ~ u l s ~ r s ~  the dime~sions of 
the motors are very imp~rtant- The ship will need large amoun~s 
of power for propulsion. This will increase the n u ~ e r  of the 
pods that will be utilized. This is one of the reasons for the 
need €or small size ~ r o ~ ~ l s i o n  m tors, 
The other reasun for the restriction of the motors size is 
the narr~w main hull of the trimaran design. In order to install 
the pods in an efficient way we need to have smaller pods than 
today. It seems that only s u ~ ~ r ~ ~ ~ d u c t ~ n ~  motor e~hnology meets 
our  requirement^- 
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Figure 28. Volume Comparison HTS 
Conventional 
versus 
D 10 20 9 0  40 SD 60 ).D El@ DO 1DcI 
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Figure 29. Weight Comparison HTS versus 
Conventional 
Besides the volume advantages; the HTS (High Temperature 
Superconducting) also gives a huge amount of weight advantage 
even for power levels up to 90 MW it weighs less than 1 0 0  tons. 
In terms of motor efficiency the HTS has again overwhelming 
advantages compared to the other type motors. 
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Figure 30. Efficiency Com~arison HTS to 
Convent~onal 
After  omp paring the conve~tional motors with the 
super~onducting motors, DC supercondu~ting ho~opolar and HTS AC 
S~nchronous motor were considered. 
DC ~ u p e r c u ~ d u c t ~ ~ g  H u ~ u ~ u ~ ~ r  Motor: For warship propulsl~n 
R&D, the Navy built a 2 5 , O ~ O  hp ~ultlpole inductlon motor that 
weights in at 117 tons and occupies 2500 ft3. In comp~rison, and 
yet to be built, a 4 ~ , 0 0 ~  hp s~percunductln~ DC homopolar 
~ ~ C D C ~ P ~  motor would weigh in at 33 tons and occupy 1250 ft3. 
But this motor will need two cryo-coolers. These coolers will 
weigh less than 2OO~bs. Since it creates low noise, it is very 
stealthy. 
High ~ e ~ e ~ a ~ ~ r ~  u p e r c u ~ d ~ t i ~ g  ~~T~~ AC ~ ~ ~ ~ ~ r u ~ u ~ ~  
Mutor: ~ e r i ~ ~ n  uperc~nductors ~ o ~ p a n y  is ~ o r ~ i n ~  on 33 ~~~ Hp 
s y n c ~ ~ o n o ~ s  motor fur the navy. The motor includes all the 
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cooling systems and has one fifth of the size and one third of 
the weight of a conventional electric motor of the same power 
rating. It provides great hydrodynamic efficiency for the pods 
with its dimensions. The Motor can be driven at several times 
Motor Type Diameter Length 
(m) (m) 
HTS AC 2.65 2.08 
synchronous 





Table 14. HTS AC Synchronous versus DC Homopolar Motor 
Dimension Comparison 
the rated output for short periods, providing the ship with 
important operational capability. The motor can be turned off in 
cit.se of a fault in the stator. This ability gives motor field 
control. They have low noise and no cogging torque. These motors 
are smaller than the DC Homopolar motors. 
As a conclusion HTS AC Synchronous motors were chosen for 
the propulsor motors. 
4 .  Combat Systems 
( 
The Sea Force will require cutting edge technology for the 
Year 2020 to be successful. Every aspect of the ship will have 
to be state-of-the-art to ensure the ship can be designed as 
envisioned. While it will not be possible to discuss every 
technological leap that must be made, some of the major 
technical hurdles will be described below. These areas include: 
power generation greater than 100 Megawatts for use with the 
Free Electron Laser and Rail Gun, Unmanned Undersea Vehicles to 
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support next generation mine and undersea warfare, and C4ISR 
capabilities that help support i~ple~entation of the Sea Force 
as a Joint C o ~ a n d  eenter. 
~ ~ ~ ~ m i n g  that the signi€icant technical challenges still 
ahead for imp~ementing a 1 ~ Free Electron Laser and Rail Gun 
are  solved, there will still be a power generation requi~ement 
on the order of 100-t ~egawatts. The major issues with 
generating this amount of power on a ship lie in the design of 
the ~ropulsion and electrical system, storage of the required 
power for nearly instantaneous distributio~, and the control of ~ 
heat disslpation in these power systems. 
The fuundation b€ these weapon systems is the ability to 
operate using high levels of peak power. Current ships do not 
have the ability to generate even a quarter of the power 
necessary to operate directed energy weapons. ~urrently, ships 
ukilize propulsion aEd electric systems that are separate, On a 
DDG-51 class ship, the propulsion system generates ~ 0 - 1 ~ ~  MW of 
power. The electrical system is only capable of genera~ing 7 . 5  
~ of power. Fur each FEL director, about 10 ~~ of power will 
be required to have an out~ut of 1.5 MW. Each rail gun can 
require up to 60 ~~ depe~ding on the desired range. Clearly, an 
electrical system is required with a drastically increases 
output. The first step in this process will be to imp~em~nt an
Integrated Power System or IPS. Unlike current systems that 
only allow the pr~pulsion power to be directed into the 
propellers, an IPS will allow unused propulsion power to be 
utilized on other systems such as the FEL and Rail Gun [ 2 5 ] .  
In conjunction with the IPS,  a power storage system capable 
of generating high peak power and then being recharged quickly 
is required. The two most pro~ising t~chn~logie~ in this area 
are capacitor banks and high power rotating generatars or 
fl~wheels. These energy storage mechanis~s are the must 
feasible means of meeting the FEL and Rail Gun powering 
requirements on board Sea Force. 
To provide the necessary power to operate a rail gun, about 
60-200 MJ of energy must be output in a time of about 8ms. One 
option for providing this type of power is a capacitor bank. 
This type of power output will allow the rail gun a firing rate 
of about 6 rounds per minute. The construction of the power 
banks will involve linking modules of capacitors together in 
parallel. One system under analysis involves building a module 
of capacitors capable of storing 2.5 MJ of energy and then 
linking 25 of these modules together in parallel to give an 
output of about 60 MJ [26]. 
The other option for powering the FEL and Rail Gun will be 
either a compulsator (high-power rotating generator) or a 
flywheel . The rotating machine within the generator is 
diff2rent from conventional flywheels because it is made of 
carbon-fiber composite structures that can be operated at stress 
levels up to 2.8 Gpa (400 kpsi). Currently, these generators 
can generate between 20 and 30 MJ and should be capable of 
storing up to 200 MJ and delivering power in excess of 10 GW by 
the year 2020. 
For the FEL, which requires a lower peak power output with 
a much longer pulse (on the order of seconds), a flywheel option 
could be used. The flywheel is similar to the high power- 
rotating generator, but it generates a much lower peak power 
In output in exchange for a much longer pulse of power. 
addition to providing a better power source for the Free 
Electron Laser, the lower power output allows greater 
flexibility in the design of the flywheel [ 2 7 ] .  
A final key to the successful implementation of these 
directed energy weapons will be thermal management. While it 
appears all of the previously discussed power generation 
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techniques may be viable, the system that succeeds will most 
likely be the one which is able to dissipate heat the most 
rapidly. The ability to quite literally avoid catchl~g on fire 
as well as the ability to provide the necessary power 
requirements in a c o m ~ a ~ t  design will be the key to success. 
While thermal manage~ent and heat dis~ipation are very i~portant 
aspects of this system, the subjects are addressed in more 
detail in Shiffler ~ 2 ~ ~ 1 ~  [ Z S ] .  
Another excellent ~apability that will be enabled by future 
~echnol~gy is that of Unmanned Undersea Vehicles for both 
hydro~r~phic reconnaissance and mine * warfare missions, 
~urrently, there is si~n~fl&ant research being done to 
incorporate undersea vehicles in multiple vehicle systems to 
survey the littoral envir~n~ent [ 2 9 ] .  ~ddlt~onally, the LMRS 
(Long Term Mine Rec~nnaissance S y s t e ~ ~  system under design uses 
underw~~er vehicles that are launched and recovered throu~h 
torpedo tubes using a mech~nical arm as seen in the figure 
below: 
Figure 31. Torpedo Tube Recovery of UUV 
While the LMRS program is being designed for use in submarin~s, 
the technology could easily be incorporated into a surface ship 
design as well I Progra~s such as S ~ ~ R V  ~Se~l-Aut~nom~us 
~ydrographic Recunnalssan~e Vehicle) and RMS  emote ~ i n e h u n ~ i ~ ~  
S y s t e ~ ~  are under research and develop~ent f o r  surface ship use 
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. . . . . . . . . . 
[ 3 0 & 3 1 ] .  The underwater vehicle used in this project is the 
REMUS (Remote Environmental Measuring Units) vehicle. While the 
underwater world is full of unknowns, potential threats and 
counter activities for UUV success, it will be necessary to 
design systems that as capable as any human in the same role. 
One of the most important capabilities is in the are of obstacle 
avoidance. For a thorough assessment and solution to this 
problem for the REMUS vehicle, see Fodrea (2002) [ 3 2 ] .  
Remote Mine Hunting systems provide excellent capabilities in 
Undersea Warfare using aircraft mounted sensors such as Airborne 
Laser Mine Detection System or ALMDS. With the improvements in. 
laser technology over the past several years, electro-optics 
technologies using blue-green lasers has become a potential 
method of locating sea mines.' Lasers have become more powerful 
and compact and their wavelengths more tunable. The blue-green 
laser uses a frequency compatible with seawater, allowing Laser 
Detection and Ranging (LIDAR) to provide accurate information on 
the characteristics of targets at various water depths. The 
system is being designed for both self-protection when traveling 
through choke points and confined straits, as well as rapid 
reconnaissance of minefields in support of amphibious 
operations. The Airborne Laser Mine Detection System (ALMDS) is 
an electro-optics-based mine reconnaissance system that will 
detect and localize drifting/floating and shallow-water moored 
mines from the CH-60 or similar helicopter platform. ALMDS I O C  
is planned for FY05. 
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Before we proceed with a mure detailed descrl~tio~ of the 
ship's characteristics, we present here a f e w  drawings of the 
final selection. The r e m ~ i n i ~ g  sections uf this chapter describe 
the rationale for selecting the hull f o r m  and present an outline 
of our ~ a l ~ ~ l a t i o n s .  
i 
A.  NAVAL ARCHITECTURE CURVES 
1. Hull Type Selection 
The hull design process started with the creation of a list 
of requirements for the hull. These requirements were derived 
from the Analysis of Alternatives phase of this project. The 
major design characteristics for the Sea Force Ship were as 
follows: 
a '  Large flight deck. 
Relatively high speed (25-30 kts). 
Internal well deck wit.h the ability to accommodate 
LCACs and LCUs. 
Stable enough to conduct operations in sea state 3 
without difficulty, preferable up to sea state 5. 
Large cargo capacity for the storage of Marines, 
vehicles and supplies needed for amphibious operation. 
With these requirements in mind, an analysis of different 
hull forms was conducted. The following hull forms were 
evaluated: 
SWATH (Small Waterplane Area Twin Hull) 




SWATH (Small Waterplane Area, Twin Hull) hull designs 
provide stability and a large deck suitable for a large flight 
deck. The small waterline area of the SWATH design is achieved 
by using submerged torpedo-like hulls that are connected to the 
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upper part of the ship with very thin struts. These thin struts 
have extremely large length-to-bea~ ratios, and so t h e  ship 
produces very little wave action, making this hull form 
extremely efficient. A typical ~~A~~ hull diagram is shown 
below. 
~nfortun~tely, these thin struts are not wide enough to 
~ncor~orate a well-deck iato the design, which was s~mething 
that was needed. So the  AT^ design was not further 
considered. 
The main advantage to a hydrofoi~ hull form is speed, They 
are extremely fast, but they  also use a lot of fuel because of 
their high power r e ~ u l r ~ ~ e ~ ~ s -  One of the largest hydrofoils 
ever built was the USS ~ L ~ ~ ~ V ~ ~ ~  s~own in the fullowi g picture. 
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It was built in the 1960s, and was only 320 tons. The 1 
Soviet Union also built one of a similar size, but neither 
design proved large hydrofoils to be worth pursuing in future 
ships. No research could be found about future development of 
large hydrofoils, indicating that the design is not predicted to 
be viable for large transport ships in the near future. Because 
of the hydrofoil's high requirements for power, the enqinrcom 
size and required fuel capacity for the Sea Force Ship was 
projected to be immense, reducing it's cargo carrying ability, 
and thus this ship hull form was also rejected. 
' Speed is also a primary advantage of the Surface Effect 
hull design. Although more suited for application to the Sea 
Force Ship than a hydrofoil, this hull form is also usually 
reserved for high speed vessels, which the Sea Force Ship was 
not required to be. Because these hulls require quite a bit 
more power than a normal monuhull, and since speed was not a 
critical factor in the design of this ship, this hull factor was 
not given further consideration. 
The remaining two hull forms to consider were the Mono-hull 
design and the Multi hull design. The benefits of the monohull 
design are obvious: It represents what has always been done. 
Nearly all cargo ships, or any class of ship for that matter, 
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are monohulls. Over the years, the mo~ohull design has been 
i~proved and refined, and so tihere are years of experience to 
fall back on. There is a massive amou~t of data known about the 
performance of this hull form, every thin^ from their hull 
resistance to their stability had been thoroughl~ researched and 
doc~mented. ~omputer programs are also available that can 
predict ~ o n ~ h u l l  performa~c~ based on certain ship design 
parameters. In addition, the entire ship co~stKuct~on and 
repair ~ndustry is geared towards building and servicing 
monuh~lls. Most channels, bridges, drydocks, canals and ports 
are configured for accepting mon~hulls. Thus, a mo~ohull design 
ensures that existing facilities could be used for support. So 
clearly a m o ~ ~ h u l ~  design would meet the needs of the Sea Force 
Ship. 
I 
The final hull form for us to consider was the multi-hull 
design.  any research papers were found that investig~ted the 
benefits of large multi-hull configurations for future cargo 
ships. Most of this research involved tri-hull designs, leading 
to a focus pKimarily on the tri-hull concept for the Sea Force 
ship. There are also several large trimaran designs being 
investi~at~d, again for future container ships, which can claim 
both good speed and high hull efficiency. 
Tri-hull designs have many characteristics that would be 
adva~tageous to a ship such as ours. The small outrigger hulls 
associated with the traditional tri-hull design make the ship 
m u ~ h  wider givi~g the potential fur a m ~ c h  larger flight deck, 
open cargo areas and enhanced stability. The hull form is 
efficient, allowi~g it to travel at relatively high speeds 
witho~t extremely large power re~~lreme~ts. Tri-hulled ships 
usually have a large center hull, with two smaller outriggers, 
which makes their co~fi~uration similar in nature to existing 
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monohull ship designs. The center hull can be wide enough to 
incorporate a well deck. In 2000, the HMS TRITON was 
constructed, the largest tri-hulled ship ever built, see picture 
below. 
With a displacement of approximately 2000 LT, it has 
undergone testing in the British Navy, and has demonstrated many 
of the benefits that a tri-hull design has to offer. However, 
The Sea Force Ship was predicted to be more than 20 times as 
large, introducing many more complications in design and 
operation. 
In the end, after comparing the two options, a tri-hull 
design was chosen. This decision was driven largely by the 
increase in flight deck requirements due to Ship To Objective 
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~aneuver ~ ~ T ~ ~ ~ ,  as well as the potential to use the area 
between hulls as a staging area for LCU operations. 
2. Bull Design 
When deciding to go with a tri-hull  configuration^ several 
assumptio~s were made. Appl~ing the tri hull form to a large 
cargo ship appli~ation is a fairly new concept, and not  a lot of 
research exisgs regarding this bype of vessel. Thus, sume 
aspects of the design proved to be difficult to predict, given 
the time given for completio~ of this project. In additiu~f it 
was recognized that no large tri-hulled vessel has ever been I 
built, so ship construction techniq~es for this type of vessel 
are not proven. At the very least, there are not very many, if 
any, drydocks that are wide enough to handle a vessel of this 
size. There were also concerns about the size of the ship, and 
how it would affect port access and stresses in the structure of 
the ship while at sea. These topics will be discussed later. 
Before des~gning the hulls, some limits were placed on 
their maximum dimensi~ns. The anti~ipated payload for this ship 
was extre~ely large, and this let to the concern that the ship 
would grow unrealistically large. For this reason, and to 
ensure port accessibility, it was decided that the ship would 
not be more than 1~~~ feet long, shorter than the largest 
aircraft carrier. The draft was held to 43 feet or less for the 
same reason, so that it would not draft more than a fully loaded 
aircraft carrier. The goal of these restrictions was twofold: 
the ship had to be able to fit into existing portsf and it had 
to be of a reasonable size for constr~ction and maintenance 
purposes I 
After this was done, hull design began. The center hull 
was designed first, using the TAK-R ship hull as a baseline hull 
form. The TAKR is an approximately 30,000 LT RO/RO ship used by 
the United States Army to transport military equipment. This 
hull data was obtained from NSWC Carderock, by Professor 
Papoulias. The data was entered into RHINO, a rendering 
computer program, so that it could be viewed. This hull form 
was then modified to better suit a tri-hull application. 
Research on Tri-hull ships indicated that the hulls for these 
ships have a much higher length-to-beam ratio than traditional 
monohulls, to reduce the wavemaking resistance associated with 
each hull. So the length-to-beam ratio of the TAK-R hull was 
increased by stretching it from 700 feet to 990 feet, just short 
of the maximum length of 1000 feet. Hull width was narrowed to 
106 feet, and draft was increased to 43 feet, again not 
exceeding the 43 foot draft limit that had been set. Botn the 
stretching and thinning were done proportionally, so that the 
lines of the hull remained smooth. These changes gave the 
center hull a length to width ratio of 9.3. This length to 
width ratio is high for a cargo ship, leading to a reduction of 
predicted wavemaking resistance. However, this ratio is at the 
low end of the spectrum for the center hull of trimaran designs. 
There are also smaller surface combatants that have a higher 
length to width ratio, but their mission is much different. 
These dimensions led to a displacement of just more than 70,000 
LT, which met the requirements of the initial analysis of 
alternatives. 
Upon inspection in the Rhino modeling software, it was 
clear that another change had to be made to the hull. The stern 
had a rounded section profile, and came to a point, which left 
no place for a well deck. To accommodate a well deck, the stern 
\ 
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was significantly changed. First, the stern section was made 
much more boxy, using a quadratic ~ani~ulation of the hull 
offsets. This gave a very smooth transition between the 
original mid-ship coefficient and the new stern. The stern was I 
also kept wide, and a gradual decrease in draft at the end was 
added to facilitate the placement of pro~ulsion devices. The 
gradual decrease in draft was   ode led after the LHD stern, and 
this provided the ship with a transom, and space €or the 
propulsion pods that were eventually chosen to propel the Sea 
Force Ship. ffecause of the shape of the stern, the ~ ~ o ~ ~ l s i o n  
pods will not extend below the bottom of the ship, so they are 
protected, i.e. the hull will ground out before the pods hit 
anything. Pictures of the main hull can be found in the report 
presentation, and are not included here for brevity. 
The outriggers served several different purposes in this 
design. First, they provided ~uoyancy and stability, due to 
their location ou~board of the center hull. They also served as 
a protective outer barrier to the center hull. These two 
purposes conflict, it is not desirable to have an area of the I 
ship designed to take hits if it is an i~portant source of 
buoyancy. So the design of these uutriggers was i~purtant, and 
this was kept in mind during the design process. 
The outrigger hulls w e r e  sized using relations found in the 
literature. The relation for outri~ger isp placement is: 
= 0.14 2V ~ ' ~ r i ~ e r s  
V T  
I 
With an ~ ? , ~ ~ ~  LT vessel, this gives each o~trigger a 
displace~ent of 5125 LT. The final design of the outri~gers 
33 
gave a displacement of 6000 LT each. The relation for outrigger 






According to this relation, with a ship length of 990 feet, 
the outrigger hulls would be 460 feet long. Thi.s length was 
extended to 550 feet, to allow for a decrease in outrigger hull 
width. This improves outrigger hull efficiency, because the 
length-to-beam ration is very large, 25, indicating a smaller 
wave making resistance associated with each of these hulls. 
This increase in length was also done to increase the length 
along which the center hull is protected by the side hull. 
Pictures of the outrigger hull can be found in the report 
presentation, and are not included here for brevity. 
The outrigger hulls were placed amidships along the cer,ter 
hull. This was done to comply with a study that said amidships 
was the best place for outriggers on 5. large medium-speed tri- 
hull vessel. Width of the ship was determined by the required 
flight deck space. To allow for triple tram lines of MV-22s, a 
flight deck width of 300 feet was chosen. This helped to 
determine the placement of the side hulls. The outriggers were 
placed 140 feet off center. Because the center hull is 106 feet 
wide, and the outriggers are 20 feet wide, there is a 77 foot 
space between the hulls. This space was wide enough to easily 
fit an LCU, and so this space was designated as an LCU staging 
ground, where LCUs could pull in and onload/offload equipment. 
The specifics of this evolution are covered in more detail in 
the internal arrangements section of this report. 
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A wave piercing bow was used in all three hulls, f o r  twu 
reasons. First, it was an innovative design, and has been seen 
on recent future naval c o ~ ~ t a n t s ,  so it was also used on our 
design, Also, the wave piercing bow reduces the  itching that 
I 
is ~ n ~ o ~ n t e r e d  in a traditional flared bow, while in heavier 
seas. A bulbous bow was also included in the design, to reduce 
w~vemaking resistance when the ship is at transit speed, to 
increase the efficiency of the hull. Pictures of the complete 
hull can be found in the report  presentation^ and are not 
i n ~ ~ u d e d  here for brevity. 
I 
4 .  Stability 
Stability ~ a ~ ~ u ~ a t ~ o n s  were done with the computer ~ r o g r a ~  
A U ~ U ~ Y ~ R U .  Once the hull had been designed in ~~~~U~ the data 
was i~ported into ~ ~ ~ O ~ Y ~ ~ U ,  and sta~ility analysis could be 
performed. The €ol~~wing raphs sum up the results that were 
found. 
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The data in these charts is part of the report given by 
A ~ T U ~ Y ~ ~ ~  for the Sea Force Ship. Parts of the report are 
attach~ents to this project, 
I 5 .  Structural C ~ ~ c e r n s  
Because of the nature of a Tri-hulled ship, high stresses 
were expected in parts of the design, especially around the 
structure that connects the three hulls. This is because in 
waves, the three hulls of a tri-hull design will react 
ind~pendently to the sea state. Thus, high stresses are 
expected in the octagunal superstructure that connects the three 
hulls. For stiffening, a very robust structure in this 
octagonal superstructure was used. 4 foot of height across the 
entire octagon was dedicated solely for  structure above the 0-4 
level, and another 3 feet was allocated below the main deck. 
This is in addition to normal stiffeners and other structural 
members that are associated with ship structure. Aircraft 
carriers incorporate structure into the first deck under the 
flight deck, and this can also be done fur different decks in 
the Sea Force Ship as well. 
Another anticipated source of structural stress comes from 
ballasting. This ship is carrying a large ~ u ~ ~ r  of truops, 
e~uipment and supplies, and in some cases it will all be taken 
ashore. The cargo adds up to more than l ~ , O ~ ~  tons, and there 
is the potential for all of this cargo to go ashore. This means 
that 1 0 , ~ O O  tons of ballast would needed to keep the well deck 
at the waterline. To do this, the ship has to have an 
additional 1 0 , 0 ~ ~  tons of ballast tankage built into the design. 
The placement of this much ballast will have a great impact on 
the stresses enc~untered in the ship's structure, especially in 
I 
the ballasted condition. 
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To calculate longitudinal bending, a detailed weight 
analysis was completed. This weight distribution was entered 
into AUTOHYDRO, and a maximum longitudinal bending moment was 
found. This stress was found to be 6,870,100,000 ft-tons, just 
forward of amidships when the ship is in light ship condition. 
The following figure is the longitudinal strength graph for the 
full load condition. 
To determine how much structure was needed to counter this 
bending moment, the midship section at this point in the ship 
was analyzed. The outer hulls and decks were all assumed to be 
0.5 inches thick, and the midship section coefficient was 
calculated. When converted to psi, the stress predicted by 
AUTOHYDRO was 10,050.0 psi. Standard allowable stress level is 
15,000 psi, and so with just the existinq structure, there is a 
1.5 safety factor in the predicted stress levels for the worst 
loaded condition. All of these stresses are for a static 
condition, and a dynamic analysis must be done to determine the 
levels of stress that would be encountered in seakeeping 
conditions. 
The calculation of the midship section coefficient was very 
conservative, most of the hull plating and deck plating for a 
ship of this size is generally thicker than' 0.5 inches. In 
addition, there will be many other structural members, 
stiffeners and columns and such, that will greatly increase the 
value of the midship -section coefficient, driving up the safety 
factor for longitudinal stress. 
Transverse stress is another type of stress that can be 
large in tri-hulled vehicles. This type of stress was not 
calculated, although because of the small displacement of 
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outrigger hulls in relation to the center hull, this stress will 
be less than that associated with a catama~an-t~e ship. For a 
more in-depth analysis of hull feasibilit~, this should be 
analyzed 
Flight deck thickness taking into accuunt the i ~ e d d e d  
systems in the deck (includin~ electric, fuel, pneumatl~ and 
water connections~ was predicted to be one foot. On top of the 
4 foot thick upper structural area, this deck will be able to 
support the heaviest of air vehicles that will operate from the 
flight deck, 
Overall, 4 ~ , ~ U ~  LT of the ship (nearly half of the t o t a l  
displace men^^ was predicted to be structure. This should be 
more than enough to satisfy the heavy structural re~uir~me~ts 
for this ship, due to the increased stresses associated with the 
trimaran hull form. ~oweverf heavier structure also makes the 
ship more durable to attack, giving more mass to absorb damage, 
if the structure is properly ‘and effectively distri~ut~d about 
the ship. 
6 .  Floodable Length 
Navy standards for floodable length dictate 15 % of the 
ship should be able to flood without submergin~ the margin line. 
This problem is made This standard doGs not apply to current US 
Navy amph~~ious warfare ships such as the LHD and LHS, whose 
long, open vehicle decks make it imposs~bl~ to achieve the 15% 
floodi~g limit, Because of the tri-hull design, our ship is 
able to meet this standard. It is assumed that f u r  flooding 
purposes, the well deck is assumed to be open to the sea at all 
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Flooding of the side hulls is also critical, because they 
are located far from the center of the ship, and will have a 
significant impact on the list of the ship. Quick calculations 
indicate that even with significant flooding, the ship will only 
list a few degrees, which should allow flight deck operations to 
continue. In addition, a list can be countered by using some of 
the many ballast tanks, several of which are located in the 
outrigger hulls. 
7 .  Conclusions 
More analysis needs to be done on tri-hull forms. There 
are many unknowns about this hull type that need to be 
researched. New books are being written about multi-hull ship 
performance, and more studies are being done to determine the 
feasibility of large ships with a tri-hull configuration. But 
still, there are a great number of unknown performance-related 
parameters regarding the performance of a large tri-hull ship. 
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A more detailed analysis of structure is needed for a ship 
such as this. After a specific ,structural layout is created for 
each deck, a much better idea of the needed structural weight of 
the ship will then be available, which will help to better 
complete the other aspects of the design of this ship. 
Finally, another trip around the design spiral would allow 
for significant r ~ f i ~ e ~ n t  of the ship design, f r o m  stress 
calculations to weight distribution to hull dimensions. 
  ow ever, the design reflects the general look that this ship 
would have, and that is enough to determine that this ship 1 
design is both feasible and practical for  use by the Navy. 
With a ship of this design, the major changes in amphi~~ous 
warfare such as ~~O~ and selective offload can be realized, and I 
the capabilities of the United States Navy and the United States 
~arine Corps will be greatly enhanced. 
3 .  ~~~~~ DECK ~ Y ~ W T  
Ship to Objective ~aneuver ~ S ~ O ~ ~  o eration~ are heavily 
demanding on air assets. Future ex~editio~aKy opera ti^^^ will 
require the d e ~ l o ~ e n t  of the entire Ground ~ o ~ a t  Element ~~~€~ 
in a limited time to ranges up to 200 NM. ~~rthermor~, once the 
initial assault has been executed, the forces will require 
reliable and precise delivery of supplies. S u ~ ~ o r t  o the 
troops ashore will include casualty evacuation, both h u ~ a ~  and 
equ~pment. Logistical support will be perform~d by ~ - ~ ~ s  and 
AERO design Heavy Lift Aircraft. In addition, JSFs will 
constantly fly Close Air Support (CAS) and escort missions in 
support of the forces ashore and Combat Air Patrol ~~~~~ miss*ion 
to protect the assets of the Sea B a s e .  The result of this high 
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tempo on aviation assets was a driving factor for the design of 
the flight deck and ultimately for the hull and the entire ship. 
1. Aircraft 
Requirement calculations for the air wing during the 
assault and sustainment phases resulted in a complement of 16 
MV-22, and four Aero Heavy Lift Aircraft design. In addition, 
the air wing will also include four UH-1Y Command and Control 
helicopters, four AH-1Z Super Cobra attack helicopters, four SH- 
60F USW and SAR helicopters, and two Unmanned Aerial Vehicles 
(UAV). For further information about each type of aircraft as 
well as the air operations, flight deck management operation 
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Table 15. Air Wing Requirements for Sea Force 
2. Dimensions 
The flight deck is octagonal in shape, dual tramline, which 
allows both rotary and STOVL aircraft concurrent operations. The 
corners of the flight deck are cut at a 45’ angle from the 
perpendicular 102 ft from the forward and aft flight deck edges. 
The flight deck extends for 770 ft, and has a width of 300 ft 




Figure 3 2 ,  Flight Deck ~imensions 
3 .  Aircraft Spots and ~ u ~ w a y  
There are a total of 16 aircraft spots- There are five 
aircraft spot labeled 13 throug~ 5 3  on the port side. Six 
aircraft spots labeled 1 through 6 are position centerline, and 
five spots labeled 1A through 5A on the starboard side. All 
aircraft spots are 115 ft apart with the exception of spot 6, 
which is at a distance of 85 ft from spot 6. The length was 
calculated from the LHD-1 ~ A T ~ ~ S  a n ~ a l  1341, which states that 
there must be a clearance of at least 15 ft between aircraft 
rotors. Taking the length of the CH-53E as the unit, its 100 ft 
length was added to the 15 ft re~uirement- 
All 16 spots can be occupied by MV-22. CH-53s can occupied 
all of the aircraft spots with the exception of spot 6, which 
does not comply with the rotor clearance r~~uirement. The Aero 
Heavy Lift aircraft occupies two aircraft spots. 
The runway for the fixed wing STUVL aircraft is 770 ft 
long, and 100 ft wide from foul-deck to foul-deck lines. The 
take off re~uire~ent for Joint Strike Fighter loaded with 2 x 
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1000 JDAM and 2 AIM 120 is 550 ft [ 3 5 ] .  Figure illustrates the 
flight deck arrangement. 
Spot Total Spot 
Factor Flight Factor Per 
Ship Spread Deck Folded 
Air Elements 




Radio Frequency Identification (RFID) transponders/readers 
with various available inlay shapes, form the basis of the 
flight deck sensor grid. Multiple HF transponders, which appear 
in the readers RF field, can be written to and read from by 
using a programmable Simultaneous Identification (SID)  number. 
The reader works at High Frequency (HF). The system comprises a 1 
reader, antenna, and transponders. The reader module handles all 
RF and digital functions in order to detect several transponder 
frequencies [ 371 . 
Figure 33. Flight Deck Spots 
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Hangar Bay Area. 
Figure 34. Slock Diagram of Flight Deck 
~dentifi&ation and ~ o ~ i t u r i n ~  System 
(Source: Texas ~ n s t r u ~ ~ n t s ~  
The flight deck will have a total of 525 antennas spread in 
a square pattern. The separation between antennas is 
a ~ ~ r ~ x l ~ a t e l y  20 ft. Figure 35 illustrates the position and 
distr~bution of the antennas. Every aircraft, piece of 
e~uipment~ and personnel will have a transponder that will 
~ n i ~ ~ e l y  identify it and relate its position to flight deck 
con t ro l .  ~ a n a ~ e ~ e n t  of flight deck operations will be 
auto~~tically recorded and updated in an electronic log. Since 
every tran~ponder can be ~ ~ i ~ ~ € l y  identified and data recorded 
on it every aircraft or equipment status (mission information, 
repair status) can be tracked electronically. This information 
will be visually correlated by a network of television cameras 
that will be located in every aircraft spot and on the perimeter 
of the flight deck. For detail information about the flight 
deck sensor grid, refer to section IV-D-2 flight deck technology 
enablers. 
Figure 35. Flight Deck Antenna Grid 
5 .  Spot Signal Beacons 
Each of the 16 aircraft spots on the flight deck will have 
a deployable navigation and signal beacon that will act as an 
Landing Signal Enlisted/Director (LSE). When not in use, the 
beacons will re-tracked and stored flushed to the deck. When an 
9 6  
aircraft has been i~struc~ed to land or launch, the d~si~nated 
spot beacon will extend from the deck. F u r  long range 
navlga~ion, eve ry  beacon will  trans^^^ a HF ~ ~ v i g a t i ~ n  signal 
i 
that will indicate the pilot his pusitl~n relative to the 
beacon. Once on final, the pilot will apprua~h the deck using 
the traditi~nal visual aids I 3 4 1  described on Figure 36- 
3. FOULED DECK 
2. F ~ E F A ~ €  TO 
START ENGl~€S 
3. START € ~ G l ~ E S  
I .  E N ~ A ~ ~ D l S E ~ A ~ E  
ROTORS 
HOVER ON SPOT 
3 -  ~ ~ I T E ~ R E D  TO PORT 
2. ~ ~ ~ E ~ G ~ € E ~  TO SBTD 
3. ~ ~ ~ T ~ A ~ 3 E R   DO^ 
4. ~ ~ l T E ~ 3 L U E  UP 
U
'
Figure  36. 36 Flight Deck S p o t  Bea 
I 
6. Aircraft Elevators 
There are three hydraulic, deck edge type, flight deck 
elevators. All three elevators run from the flight deck, to the 
hangar bay deck. Each elevator is 70 x 70 ft, and has an area 
of 4,900 ft ’. Aircraft Elevator 1 is located on the starboard 
side 705 ft from the forward flight deck edge. Aircraft 
Elevators 2 and 3 are side by side. Elevator 2 is the most 
forward, and is located 405 ft from the forward flight deck 
edge. All elevators have a rated capacity of 70,000 lbs. 
Elevators 2 and 3 are compound; they can operate 
independently or simultaneously to lift or lower the Aero Heavy 
Lift Aircraft. Number 1 Aircraft Elevator Machinery Room is 
located in the starboard side h u l l ,  and occupies a volume of 
22,400 ft3. Number 2 and 3 Aircraft Elevator Machinery Rooms are 
located in the port side hull and occupy a volume of 50,400 ft’. 
Elevator Machincry Room 2 and 3 
I Port 
Ordnanrc Elevators 1 and 2 
A 
Figure 37. Flight Deck and Ordnance 
Elevators 
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1.  Ordnance Elevators 
There are two ordnance elevators that service the '3t" and 4th 
deck magazines. Each elevator has a length of 30 ft and a width 
of 15 ft, covering an area of 450 ft2. Figure 37 shows the 
position and size of the ordnance elevators with respect to the 
aircraft elevators. Ordnance elevator I is position 200 ft from 
the forward flight deck edge. Both elevators are 10 ft off 
center from the centerline. The elevators shaft runs from 
~agazine 1 and 2 on the q t h  deck to the flight deck, and services 
magazines 3 and 4 on the 3th deck, 2 nd and Is" vehicle decks, 
hangar b2y and warehouse on the main deck, and the flight deck. 
The elevators rated capacity is 2 ~ ~ 0 0 0  lbs. With this cargo 
capacity the elevators will have the capacity to lower or 
retrieve 10 a ~ u n i t i o ~  pallets each pallet ~ e i g h i n ~  
approximately 2,400 lbs. The primary techno~ogy for this type 
of ordnance elevator is a spindle screw actuator with condition- 
based ~aintenance built in. The system includes a new, faster 
ballistic hatch and a highly dexterous mobile elevator carriage. 
This new weapons elevator and ballistic elevator shaft cargo 
hatch for aircraft carrier-type weapons elevators will improve 
weapons ha~dling rates with reduced maintenance and enhanced 
utiliza~ion flexibility {36]. 
The design team goals for the internal layout were to 
ensure as much system redundancy as possible, eliminate the need 
for mach~nery in as many cases as possible, and to avoid the 
creation of systems with a single-point-of-failure. Other 
im~ortant factors considered for space allocation during this 
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design stage included weight distribution, system requirements 
and priorities, component size, damage control and containment, 
and collective CBR protection. 
The layout of the internal volume was determined through an 
iterative process in which the major areas of the ship that had 
little flexibility in location were designated first. This was 
followed by the incorporation of the smaller spaces with more 
flexibility in location. In considering the layout, it was also 
important to maintain a similar layout to that of warships, 
collocating ship’s Commanding Officer berthing with the major 
decision making areas on the ship (CIC, the Bridge and Joint 
Staff spaces for example). Additionally, it was important to 
keep ammunition spaces well protected. Due to the fact that the 
movement of cargo, ammunition and aircraft was a driving factor 
in the overall design, ample areas were needed through which 
this movement could occur. The final layout above the waterline 
combined four decks forward of the warehouse area consisting of 
combat systems and berthing spaces with three decks aft of the 
hangar bay consisting of vehicle/cargo storage, medical, AIMD, 
MER3, and berthing. This layout can be seen in Figure 38 below: 
Figure 38. Side View of Internal Layout 
1 0 0  
1. Well Deck 
The t h r e e  most s i g n i f i c a n ~  areas  t h a t  drove t h e  s h i p ' s  
i n t e r n a l  l a y o u t  were t h e  w e l l  deck,  t h e  hangar  bay  and  t h e  
v e h i c l e ~ p a ~ l e t ~ c a r g o  st rage areas I The  w e l l  .deck w a s  placed a t  
t h e  w a t e r l i n e   approximately 4 0  f e e t  above t h e  k e e l )  t o  a l l o w  
for LCAC o p e r a t i o n s .  Based on t r a n s f e r  r ~ ~ u i r e m e n ~ s ,  4 LCACs 
w e r e  needed t o  s u p p o r t  S ~ ~ ~ .  The f i r s t  i t e r a t i o n  o f  t h e  
i n t e r n a l  l a y o u t  for Sea Force  allowed f o r  4 LCACs stored t w o  
deep and t w o  a c r u s s  as  s een  i n  t h e  diagram below: 
F i g u r e  39. I n i t i a l  LCAC Layout 
  ow ever, upon s u b s e ~ ~ e n t  f i n d i n g s ,  it w a s  d ~ t ~ r m i n e ~  t h a t
t h e  beam o f  t h e  main h u l l  was n o t  of  s u f f i c i e n t  w id th  t o  
a c c u ~ o d a t e  t w o  LCACs side by  side. A n  LCAC must enter t h e  w e l l  
deck on cush ion .  The o r i g i n a l  w e l l  d eck  d e s i g n  was J u s t  a s  w i d e  
a s  two LCACs side by  side and d id  n o t  p e r m i t  room f o r  t w o  t o  
come i n  on cush ion  i n  t h i s  a r r ~ n g e m e n t -  The ~ ~ C A C ,  however, 
became a possible s o l u t i o n  1391. The p roposed  c r a f t  would 
i n c r e a s e  i n  b o t h  l e n g t h  and  c a r g o  area by t h i r t y - ~ ~ r e e  p e r c e n t  
over t h e  p r e s e n t  LCAC and would have  d o u b l e  t h e  pay load  ( 1 4 4  
t o n s  vice -70 t a n s )  - The HLCAC would be capable o f  c a r r y i n g  two 
- 
MIA1 t a n k s  or  10 l i g h t  armored v e h i c l e s  ~ L A V ~ .  l t h o u g h  t h e  HLCAC 
i s  s t i l l  a c o n c e p t u a l  program, it would be more f e a s i b l e  t o  
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design the HLCAC around a given well deck size (as was done for 
the original LCAC) than to design a ship that is not capable of 
carrying the required number of LCACs. Given that a present day 
LCAC is 88 feet long on cushion, the HLCAC would be 
approximately 118 feet long on cushion. Thus, the well deck was 
designed at 250 feet to accommodate for a stern gate and 60 feet 
wide to ensure the HLCAC could drive in easily on cushion 
without danger of puncturing the cushion. To accommodate for 
AAAV launching and recovery, a stern ramp was built into the 
well deck at the aft end. This ramp is below the design 
waterline so that the AAAVs can drive directly into or out of 
it. At the forward end, a ramp leading fifteen feet up to a 40 
foot long by 260 foot wide staging area was incorporated to 
allow for loading and unloading the LCACs. The staging platform 
will be used to arrange vehicles and to group vehicles prior to 
loading onto LCACs. Finally, the well deck was sized to contain a 
high-pressure water spray decontamination system at the 
entrance, to facilitate decontamination of LCACs as they enter 
from a contaminated environment. The overall schematic of the 
well deck can be seen in Figure 40 below. 
1 0 2  
Figure 40. Well Deck 
2.  Hangar Bay 
The second major area of &onsideration in the internal 
ldyout was the hangar bay. In order to maximi~e the dimen~ions 
and layout of the hangar, it was initially designed to span the 
entire beam of the ship. The aircraft elevators were a driving 
factor in the overall placement of the hangar bay. Three 
aircraft elevators are used to give access to the flight deck 
from both sides of the hangar, two on the port side and one on 
the starboard side. To ~aximize the hangar day area,  the 
elevators were placed at the extreme beam where the side hulls 
went completely from the flight deck to the keel of each. Due 
to the fact that this portion of each side hull was located 
a~~roximately 205 feet forward of the stern, the elevators could 
not be placed aft of this in order to ensure that there was 
ample room f o r  the required elevator m ~ c h i n ~ ~ y .  Two of the 
elevators on the ports side can be connected to create one 
compound elevator with the & o ~ l n e d  lifting capacity of both 
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elevators. This is the only way to transfer the heavy lift 
aircraft from the hangar to the flight deck. Because the 
aircraft elevators were planned to be used for transfer of light 
vehicles, containers, equipment and potentially ordinance to the 
flight deck, the hangar deck was designed with lanes for 
throughput of these items. No consideration was made for an aft 
elevator due to the fact that the stern elevator gets little use 
on the L H D  class ships and that the AIMD and MER3 spaces require 
intake or exhaust outside the skin of the ship, both of which 
could be accomplished by placing them at the stern. Given the 
above-mentioned elevator constraints, the hangar bay could start 
no more than 205 feet forward of the stern if the elevators were 
to be at the aft end. 
In order to fit all of the aircraft in a folded 
configuration, the hangar bay had to be approximately 7 0 , 7 1 5  
square feet. With a 300 foot beam, this required approximately 
240 feet of hangar bay. After several iterations, the external 
bulkhead around the superstructure was designed at and angle of 
1 3 O ,  cutting of some of the volume of the original hangar bay. 
The design was than altered to make the hangar bay 260 feet 
wide. Additionally, the LCUs required storage areas above the 
LCU decks (into the hangar bay) in between the main and side 
hulls, taking approximately 6,400 square feet each f o r  a total 
of 12,800 square feet. Finally, the motion compensated crane 
was to be placed on the starboard beam of the ship at the 0-3 
level. This took additional space from the hangar bay. In 
order to compensate for all of these losses, the hangar bay grew 
from 240 feet to 320 feet in length with a 36 foot height. 
Hangar deck height was based on the highest unfolded aircraft, 
which was the C H- 5 3 .  Unfolded, the aircraft is 29 ft tall. The 
ultimate height of the JSF may be 30 feet tall and thus become 
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the driving factor for hangar bay height. To allow space for 
~aintenance above the tallest aircraft and to allow €or a crane 
to be placed in the overhead (to remove heavy objects such as 
rotor blades and engines~, the hangar was initially sized to a 
height of 35 feet. After changes were made to the forward 
decks, the final height became 36 feet. A rough schematic can 
be seen in Figure 41 below: 
Figure 41, Hangar Bay 
3. Vehicle Decks 
Vehicle deck layout was the third major area of 
consideration and a critical factor in the success of selective 
offload. ~ec~anical vehicle storage systems, such as ~oving 
decks, that give access to each vehicle were considered for the 
selective offload process, but were n o t  used because of the 
single-point-of-failure assuciated with them. Additi~nally, 
fewer mechanical systems meant less required maintenance and 
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less manning. The final design incorporated traffic lanes for 
selective offload, with each vehicle able to drive into a 
traffic lane for subsequent navigation to its point of exit. 
The need for traffic lanes and “parking spaces” drove the space 
requirement for these decks. Four vehicle decks were decided 
upon, with ramp access between each of them. Each vehicle deck 
was given two points of entry/exit so that if one was blocked, 
vehicle movement could continue. In addition, all decks have 
access to the well deck, forward vehicle offloading points and 
hangar deck. The length of the decks was a consideration since 
floodable lengths are important to the design of the ship. 
Transverse watertight bulkheads cannot reasonably run through 
vehicle bays, however, bulkheads with large doors were placed in 
the middle of the lower vehicle decks to help prevent flooding 
in these areas. All vehicle decks were placed above the 
waterline and are 15 or 16 feet high. TLe heaviest of vehicles 
(MlA2 Tanks and AAAVs) were placed on the 2nd deck, the lowest of 
the vehicle decks, for stability purposes. In order to achieve 
selective offload, the tanks and AAAVs on this deck were placed 
at angles to ease movement into or out of the traffic lane. 
While there are some vehicles that cannot be moved without 
moving others, once one or two of the blocking vehicle are 
moved, ease of offload increases. This 2nd deck can be seen in 




Figure 42. ~ V ~ T a n k  Deck (Znd Deck) 
The lst deck is just above the ~ V ~ T a n ~  Deck and is of the 
same di~ensions- This deck is on the same level as the assembly 
area ~ e r m i t t i ~ ~  the vehicles to simply drive onto it while 
keeping clear of the ramps from the deck below. This deck holds 
a myriad of vehicles i ~ ~ l ~ d i n ~  RTCH, D? Dozers, ~ - 9 ~ ~  Refeuler, 
P-19s, ~1~~ ~o~itzers, T ~ s  and LAVs. The layout of this deck 
can be seen in F i g u r e  43 below: 
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Figure 43. Misc. Vehicle Deck (lst Deck) 
The third major vehicle storage deck is the main deck, just 
aft of the hangar bay. This deck houses the HMMWVs, the LVS 
Power Units and Trailers, the ROWPUs, MRC-llOs, MRC-l38s, MRC- 
142s and the 5 Ton Trucks. There is a ramp leading down to the 
Assembly Area from this deck on the port side between the well 
deck and the main hull. There is also an access door to the 
hangar bay on the starboard side. This deck is divided into two 
decks on the starboard side to accommodate for HMMWVs. The 
limited height of the HMMWV ( 4 . 5 - 6  feet) as compared to that of 
the other vehicles allowed for the split deck, where each of the 
split deck heights is approximately seven and a half feet. Just 
to the starboard side of the hangar bay entrance is a ramp 
leading to this second HMMWV deck. This deck can accommodate 
approximately half of the required HMMWVs. The layout of the 
main vehicle deck can be seen in the figure below: 
Figure 44.  truck Deck ~ ~ a i ~  Deck) 
The vehicle decks described above total over ~ ~ , ~ U ~  square 
feet of deck space. The free space between vehicles o x  in the 
gaps created from angling the vehicles seen  in figures above was 
planned to be used for items that the team had to estimate 
~easure~ents for such as cargo nets and other m i s ~ ~ ~ l a ~ e o u s  
gear. ~ddl~ionall~, it is important to note that a C o ~ a t  Cargo 
Officer or other qualified ~ ~ r l n ~  loadi~g officer ~ i ~ h t  be 
better q~alified to place vehicles in the decks allotted, The 
above figures show that it is possible to f i t  the large n ~ ~ e r  
of vehicles required while at the same time ~ r o v l d i ~ ~  for some 
capability for selective offload. 
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4 .  Warehouse 
Once the three major areas were set in the internal layout, 
the next most important consideration was in the cargo storage 
facility or ship's warehouse. Transfer of heavy cargo, 
including fully loaded ammunition containers of up to 24 LT, was 
a necessary capability of the ship. Therefore, the cargo 
storage area had to be easily accessible for storage of material 
received from other ships. This requirement drove the team to 
In include the warehouse at the main deck level or above. 
addition, a considerably large space with sufficient height was , 
needed to store the predicted amount of cargo, as determined in 
earlier studies during the design process. Calculations were 
done to predict the required height of the space based on the 
estimated size of overhead cranes and stacking height of the 
cargo. The overhead cranes that were selected run on rails, 
which can twist at sea and disable the cranes. Thus, designs 
must be considered for the cranes rails such as using isolated 
mounts. The motion compensated crane system used to transfer 
shipping containers was placed just below the flight deck and 
has the capability of operating from the forward most part of 
the warehouse aft to the starboard elevator. The warehouse is 
90 feet in length and extends almost the entire width of the 
ship from the main deck to the flight deck for a total volume of 
more than 960,000 cubic feet. Accessibility to the cargo 
storage area was a major design consideration for the ship. The 
two ammunition elevators were capable of stopping in the cargo 
area and were therefore sized to fit a standard shipping 
containers (8x8~20 feet). These elevators would be able to 
transfer cargo to the flight deck and vehicle decks, if needed. 
A corridor was placed along the port side of the ship leading 
from the warehouse to the hangar bay, with throughput capability 
to either the aircraft elevators, the vehicle decks, or down the 
vehicle deck ramp to the well deck. The warehouse area can be 
seen in the figure below: 
Figure 45. ~ a r e ~ ~ u s e  Area 
The re~a3ning spaces considered in the internal layout 
above the waterline include ~ e d i c a ~ / ~ o s p ~ t a l  facilities, 
~erthing? A ~ ~ ~ ?  Combat Systems spaces and BFSMA. All but the 
B F ~ ~  are located on the decks in the €orward and aft 
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5 .  Medical/Hospital 
Sea Force was designed with a medical and hospital facility 
equal to that of an LHD class ship and fully capable of 
providing Third echelon afloat care to the Sea Base. Each ship 
is configured to support a 500 bed hospital (80 intensive care, 
20 recovery, 280 intermediate care, 1 2 0  light care) with six 
operating rooms and a pharmacy. Over 20,000 square feet of 
medical and hospital facilities were placed in the aft end of 
the ship adjacent to the hangar bay. This location was selected 
for ease of medical evacuation or embarkation. In addition, the 
Ground Combat Element (GCE) berthing is collocated with Medical 
in order to support medical overflow in the case of a 
humanitarian aid mission or other emergency. This added 
capacity increases the overall size of the medical and hospital 
facilities to much greater than a present day NESG. Figure 46 
below shows the location of the medical and hospital facility on 
the 0-3 Level aft: 
Figure 46. 0-3 Level Aft 
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The aviation ca~ability in Sea Force's Aviation C o ~ a t  
Element ~~~E~ drives a huge need €or i~termediate maint~nance, 
as with any big deck ship. As seen in Figure 46 above, the 
location selected for this facility was the 0-3 level aft. The 
driving factor for this sezection was a need to transport jet 
engines or other large aircraft parts to from the hangar bay or 
flight deck to the ~ain~enance shop. The design incorporates a 
crane system in the hangar bay that can pick up an-engine from a 
plane and place it on a trolley leading from the hangar bay to 1 
the A~~~ shop on the 0-3 level. ~~~~ occupies 34,3~U square 
feet of space with a small portion dedicated to the jet shop at 
the very aft end. This location was selected so that jet 
exhaust could be easily exp~nded during engine testing. 
1.  ~ ~ r ~ ~ n ~  I 
B~rthing requirements for  Sea Force demand more volume than 
the vehicle decks alone, to include all messing and sanitary 
facilities, The bert~ing spaces were divided among the forward 
decks for the majority of the Marine forces and all Navy 
personnel. As discussed earlier, the GCE ~ ~ r t h i n g  spaces were 
placed in the aft portion of the ship to serve as medical 
overflow when the troops went ashore. In the forward ~ e ~ ~ ~ i n ~  
spaces, all CPU ~ ~ a v y  and  marine^ and a portion of Marine 
officer berthing w a s  placed on the 0-2  level, Navy Officer and 
the re~aining Marine officer ber~hing was placed on the 0-1 
level, the re~a~ning Marine enlisted berthing was placed on the 
Main Deck with the ship's store, barber shop and post office, 
while the Navy enlisted berthing occupied the first deck. The 
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berthing was designed to support modularity concepts addressed 
in the Habitability section. 
8 .  C4ISR 
The defensive capability of Sea Force is driven by three 
major weapon systems, small caliber gun systems, and soft kill 
systems. Together with the combat systems spaces and sensors, 
over 265,000 cubic feet of the ship's volume, excluding the 
ship's ammunition stores, is dedicated to C4ISR. The majority 
of the command and control spaces are on the third deck forward 
of the warehouse. All flight deck control spaces to include 
flight ops control and the LSO video room are located in this 
area as well. Similar in design to and LHD class ship, the 
command and ccntrcl spaces include JIC (Joint Intel Center), 
SSES (Ship's Signal Exploitation Space), TACLOG (Tactical 
logistics Ctr), HDC (Helo Direction Control), SACC (Supporting 
Arms Coord Center), CIC (CIC), TACC (Tactical Air Control Ctr), 
and LFOC (Landing Force Ops Center). Two Free Electrol Laser 
power modules are located on this deck at the port and starboard 
extreme beam, directly next to each laser. Just adjacent to 
these power modules, spaces are allotted for conex box insertion 
for SEAL and EOD team equipment or other organic/inorganic 
assets. The remaining area on the 0-3 level forward is 
dedicated to joint or tactical planning spaces, required spaces 
to support next generation CEC, Electronic Warfare Integration, 
and Ship's Self Defense System. Weapon systems on the forward 
angled sides of the octagon include Rail Guns, Digital Array 
Radar Rooms, and NULKA launchers (Electronic Warfare systems). 
The remaining weapon systems are located at amidships on the 
beam (NULKA Launchers), aft on the angled sides of the octagon 
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(Rail Guns,- DAR panels, Sea ~~, on the aft end ~ F E L ~ ?  or above 
the bridge (Sea ~? SPS-73 Radar). Various other freq~ency 
anten~as are discussed more in the next section. The diagra~ 
below depicts several of the spaces described above. 
Figure 47. Combat Systems Space Layout 
8 .  ~ n t ~ ~ e d ~ ~ t e  ~ ~ t e n ~ n c e  A c t ~ v ~ t ~  
One of the requirements for Sea Force design was to serve 
as an intermediate level maintenance activity for the ships in 
c~mpany . This drives the need for a large Battle Force 
In~er~ediate ~ain~enance ~ c t ~ v i t y  or 3 F ~ ~ .  Over 16,000 square 
feet of maintenance space is incor~orated into the layout 
forward of the two lower vehicle decks. It is accessible via 
the a~unition elevator f o r  transfer of parts from the flight 
deck to the maintenance shop. This space is mainly divided into 
the hydraulics and pump repair shop, motor rewind shop, MR shop 
and pipe shop. 
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The aforementioned sections of the internal layout account 
for the spaces above the waterline. The following sections 
address those spaces below the waterline. The layout of these 
spaces in the main hull can be seen in the figure below: 
Figure 48. Main Hull Internal Layout 
11. Tankage 
Several factors must be taken into account when assessing 
the need for tanks in the hull. Due to the both the large size 
of the ship and the cargo it must carry to support a MEB 
operation for 30 days, the tank design is a tremendously 
important issue, especially given the ballasting requirements 
associated with simultaneous flight deck and well deck 
operations. Sea Force carries more than 12,000 tons of Marine 
Corps cargo, most of which is offloaded during an amphibious 
operation. Once this cargo leaves the ship, ballast tanks must 
be available to maintain a specific draft and keep the ship at 
an even list and trim. The level of draft is very important 
because the well deck is a dry well and must remain at the 
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waterline to facilitate LCAC and ~V operations. Thus, at 
least 12,000 tons of ballast that was evenly distri~uted along 
the hull tanks had to be included in the design in order to 
minimize loading stress after maxim~m alla as tin^ had occurred. 
The tanks were properly distributed between the outrig~er hulls 
and the center hull to avoid lakge stresses in the ship 
structure, especially on the beams that connected them. The 
tanks could not all be placed in the outrigg~rs as they would 
have gained more than 10,000 LT of weight. 
1 
The division of the tanks below the waterline f e l l  hand in J 
hand with waterti~ht ~ulkhead placement- ~ u m ~ r o u s  
 ons side rations were made when placing tanks, The fuel tanks 
were seawater co~pensated, so there was no affect on the trim of 
the ship as fuel was cunsumed*   ow ever, with approximately 
~ , 0 0 0  LT of vehicle and aircraft fuel and ~,~~~ LT of ship fuel, 
the fuel tanks accounted for a significant amount of weight. - 
E f f o r t s  were made to distribute them s ~ ~ e ~ r i c a l l y  about the 
longitudi~al center of flotation. ~ddit~onally~ fuel tanks had 
to be protected from damage. The fuel associated with the 
aviation assets and GCE ~ ~ r ~ u n d  ~ ~ m b a t   element^ was critical and 
was placed in the main hull. Ship fuel also required 
protection. However, given the large a~ount of ship fuel 
compared to ME3 f u e l ,  the decision was made to place some of it 
in the outer hulls. The outrigger hulls were designed to 
protect the main hull from damage. While p~tting fuel in this 
area was dangero~s, the decision was made to put small fuel 
tanks in the o~triggers at locations that were not adjacent to 
the engine rooms or the m a ~ a z ~ n e  in the main hull. 
The remaining hull volume in the outer hulls provided much 
needed liquid storage space. Fresh water tanks, sewage tanks 
and the ~reviously m e n t i ~ ~ e ~  ballast tanks were all placed in 
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the outer hulls. Increasing the amount of tank space, along 
with increasing the number of compartments in each outrigger, 
led to better protection from flooding. Due to the placement of 
the outriggers so far out off the ship's centerline, flooding 
either of them had a much larger affect on the heel of the 
vessel then flooding of the center hull. A combination. of 
nearly full tanks and voids filled with lightweight foam or 
other material to achieve a near 100 percent permeability was 
used to eliminate the flooding concern for the outriggers. This 
design ensured that severe damage could be taken in the 
outriggers without a significant affect on the list of the 
vessel. In the case of the ballast tanks, which are large and 
empty before the ship offloads equipment, flooding in one side 
can be compensated for by ballasting down the other side. The 
ballast tanks are symmetrical, allowing the ship to absorb 
several feet of additional draft and still remain operational. 
12. Ammunition 
The Sea Force design incorporates one magazine into the 
main hull that is broken up into t w o  separate compartments, each 
with two levels. Together, these four spaces contain all of the 
ordinance carried by the ship, with the exception of that loaded 
into the ship's weapon systems. Additionally, the rail gun 
spaces incorporate a magazine under the gun machinery space. 
Thus, the rail gun ammunition is not accounted for in the main 
ammunition compartment. Each space has elevator access to only 
one elevator because there is a transverse watertight bulkhead 
between the two compartments. The elevators are offset from 
centerline, so they do not interfere with the traffic lanes on 
vehicle decks above. The elevators stop at both lower vehicle 
decks (and BFIMA), as well as the warehouse (where ammunition is 
onloaded), and go all the way to the flight deck. There are 
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doors on the flight deck, so that the elevator can be down 
without interferi~~ with flight deck operatiu~s. 
The Sea Force power plant was designed so that if ship was 
stuck in port, a small gas turbine could efficiently supply 
suffi~ient power. Because of IPS, there w e r e  several electrical 
distribution centers, each of which received power from all 
three engine rooms. ~ngine room placement was dune to ~ a x i ~ i ~ e  
survivability~ ~inimize inlet and exhaust ducting, and make 
engine ~ccessibility better f o r  repair. The Largest engine room 
is located on the main deck with one ~~6~~~ and one ~ 2 s ~ ~ ~ .  
While these engines are easily removable and are in a vulnerable 
location, they are not susceptible to flooding. The r~mai~~ing 
two engine rooms were placed below the waterline, with 
si~ni€icant space between them, 
All auxiliary systems were placed in the lower machinery 
rooms. Sewage system tanks were placed on the outriggers to 
increase the amou~t of ~nearly~ inert tankage. With the 
Integrated Power ~ystem, the ship's power is derived from the 
same source as the propulsion system. Water is made through a 
reverse osmosis desali~at~on plant. HVAC of the ship is done 
throug~ hot water and chill wate r  circulation systems. 
The ~ r i m a r ~  mission of the Sea Base ship will be to support 
Marine ~ x ~ e d i t i o ~ a r ~  Forces in the execution of Ship to 
Objective ~ a n ~ u v e r  ~ S ~ ~ ~ ~ .  Based on this re~uir~ment, the ship 
will not be required to have a robust offensive capability. The 
Combat Systems suite, with the exception of the Naval Surface 
Fire Support Capability, was designed to be defensive in nature, 
focusing on the following threats: High-density missile and 
small boat attacks, floating, bottom and surface moored mines 
and coastal water submarines. To further enhance the ship's 
ability to counter the above threats, a robust C4ISR capability 
will be required to support the Expeditionary Forces ashore. 
Additionally, the ship must be capable of being upgraded to 
become a Joint Command Center (JCC) in theater. 
I To meet the above requirements, the Sea Force will utilize 
a layered, self-defense concept to defeat the common threats 
encountered in Littoral Warfare. The ship will have a limited 
offensive capability with the exception of Naval Surface Fire 
Support, which will be used for fire support. In the event of 
afiy major air, surface and/or sub-surface threat, battle group 
assets will be required to escort the Sea Force. The Sea Force 
will not commence STOM operations until the operating area is 
cleared of the main bulk of enemy air, surface, subsurface and 
mine threats. Before proceeding with the discussion of the 
combat systems and C41SR architecture, it should be noted that 
the systems described below would be based on Year 2020 
technology. Since the exact technology available in the year 
2020 is unknown, systems currently in use or in development will 
be used to describe the desired types of capabilities on Sea 
Force. The systems employed on Sea Force will be similar to the 
ones listed below, but they absolutely will NOT be the same 
systems installed on Sea Force. 
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1. Overall A r c ~ ~ t e c t ~ r ~  
The combat system and C4ISR suites will be fully 
integrated to include both organic and non-organic sensor 
inputs. The integrati~n of the C4ISR and combat systems will 
allow the Sea Force to be ~etwork Centric ~arfare capable and 
will give the ship the ability to provide both power projection 
and ship self-defense, The backbone of the combat systems 
architecture will be the Year 2 ~ 2 ~  ~enera~ion Cooperative 
Engagement Capability (CEC) and Year 2 ~ 2 ~  Generation Ship Self- 
Defense System. The CEC system will integrate all organic and 
non-organic sensor inputs and provide tracking on all targets in 
the battle group based on the sensor with the best track 
quality. The SSDS envisioned for the ship will ensure that all 
organic weapons will be linked to provide the layered, self- 
defense of the ship, The SSDS will take the sensor data 
provided by CEC and then enable the watch stander to effectively 
defend the ship utilizing the best weapon for the task. 
Using CEC and SSDS as the underlying architecture, the 
ship's sensors, C41SR and weapons capabilitie~ will then be 
added. The ship's sensors must provide all data €or tracking of 
friendly andlor enemy aircraft, missiles, mines, surface vessels 
and sub~arines~ The C41SR suite must be capable of  ath he ring 
data from both onboard and battle group assets. The weapon 
systems onboard must be capable, at a mini~um, of defeating 
~ntl-Ship Cruise Missiles, small to m€dium sized boats, mines 
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2 .  C4ISR 
As stated previously, the design of the ship must include a 
state-of-the-art C4ISR suite to give the ship the ability to act 
as the Joint Command Center while in theater and to support the 
requirements of STOM. The more difficult of the two 
requirements will be to give the Sea Force the ability to act as 
the Joint Command Center in theater. First, the ship must 
allocate room for the embarked staff and their operators. The 
staff and their operators are anticipated to be as large as 600 
personnel. The sheer number of people will consume a 
considerable volume within the ship for both working and living 
spaces. 
The second major hurdle, and certainly the more challenging 
one, will be allocating the required space for all of the 
electronic equipment and associated antennas. While the 
internal equipment will consume a large internal volume, the 
antennas will need topside placement. The Sea Force has a large 
area for mounting antennas on the side of the flight deck, but 
considerations such as antenna spacing and placement need to be 
addressed. The greatest obstacle will be ensuring all of the 
antennas can be placed properly without a tower. All current 
big deck and aircraft carrier designs have a superstructure to 
mount antennas, but the Sea Force was created without this tower 
placing additional constraints on the C41SR design. 
While sufficient time was not available to fully address 
these concerns, an estimate of the communication suite 
requirements was completed. A calculation of the number of 
antennas required to be placed topside was made based on the 
number of embarked Marine vehicles, aircraft and other required 
ship-to-ship and ship-to-shore communications. As can be seen 
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below in Table 17, the actual number of required antennas will 
be substantial. The high nuder should quickly give one a feel - 
for how difficult it may be to place all the antenn~s properly 
ensuring proper separation and orientati~n witho~t the benefits 
of a tower on the flight deck. The n u d e r  of  antenna^ listed in 
the table assum~s that each antenna will be able to handle four 
simultaneous ~o~unicatiuns throu~h the use of mu~t~~lexers. 
The number of s~multan~ous channels handles by each ~ntenna may 




~ a n t ~ t y  of 
Antennas 
Purpose 
VHF 8 Tactical Voice C o ~ u ~ i ~ a ~ i ~ n s ,  
Aircraft ~ o ~ u ~ ~ c a ~ i o ~ s  
UHF LOS 9 I Aircraft C o ~ ~ n i c a t i o ~ s  
In addition to ensuring the Sea Force will be capable of 
U H F  S A T C ~ ~  
acting as a JCC ship, the Sea Force will still require many of 
the above listed C4ISR capabilities to support STU~. These 
forces must have every advantage when planning and i m ~ l e ~ e ~ t ~ n ~  
~ 
9 IXS, CUDIX, ~ A V ~ ~ S ,  T A ~ ~ ~ T E ~ ,  
~ C o ~ ~ a ~ d  L A I T ' S ,  ~ A V ~ ~ ,  MIA1 , H ~ ~ ,  




4 Secure Voice and Strike V o ~ ~ e / D a t ~  
9 ~x~editionary Forces, Fire Support 
TACA~ 4 Aircraft Safety and ~ a v i ~ a t i ~ n  
GPS 4 I ~ a v ~ ~ a t i o n  
Various ~ ~ i p   k known Voice/~ata links 
T o t a l  56.t ~ i n i ~ ~  Required N h e r  of Antennas 
incursions to their objectives. To ensure the safety and 
effectiveness of the embarked forces, the ship will utilize many 
different systems such as GCCS-M, NTCSS, NAVSSI, and an 
Expeditionary Sensor Grid. These resources will give the ship 
the means to keep a current picture of the battle space. The 
information can then be processed and re-distributed to forces 
afloat and ashore. 
3 .  A i r  Warfare 
Air Warfare was the first area considered in the Combat 
Systems design spiral. While missiles could very well be 
launched from aircraft in a Littoral scenario, the more likely 
situation was deemed to be a land based missile attack. This 
attack could come in two forms: a temporal saturation or a 
magazine saturation. A temporal saturation would be a massive 
missile attack meant to overwhelm the number of simultaneous 
missile attacks that could be handled by on board systems. An 
example would be a system that could engage eight missiles 
simultaneously, therefore, the enemy fires ten missiles at once. 
Magazine saturation is defined as an attack of a few missiles 
(i.e. 5 to 8 missiles) that would be repeated over the course of 
many hours and/or days. The goal is to deplete the enemy ship’s 
magazine and then make the kill. An example would be firing 101 
missiles that the enemy ship has only 100 missiles on board. 
Obviously, the last missile would make hit the target baring a 
mechanical or other problem. 
a. Sensors  
To deal with the possibility of high density missile 
1 2 4  
.- 
attacks, the Sea Force will employ a Year 2020 Digital Array 
Radar which will be utilized for ~olume 
Search, ~racklng and 
radar system will be 
dozens of simultaneous 
fire control s~lutions 
ship will utilize four 
360 degree cuverage to 
Fire Control, This 
ideal for tracking 
targets and providing 
as ap~ro~riate- The 
arrays which provide 
within -100 feet of 
Digital Array Radar 
the ship. The Volume ~earch~Diqita1 Array Panel Under ~ e ~ ~ ~ ~ p ~ e ~ t  
Radar (see figure to the right) for the ship must provide ranges 
up to 2 5 0  km for not only tracking of enemy air targets but 
friendly air targets as well. The coastal envirunment will be 
filled with many different types of aircraft to include 
friendly, en~my and co~ercial aircraft and manage~ent of all 
these tracks will be essential [41], 
The Digital Array Radar will be the primary sensor for 
track and fire control data, but as with any naval system, there 
Current I R S l  Sensor 
must be another system f o r  redun~ancy- The 
Digital Array Radar will be backed up by the 
Year 2020 ~ e n e ~ a ~ i u n  Infrared Search and Track 
System ~ 1 ~ ~ ~ ~ .  The IRST provides an excellent 
secondary sensur for both tracking and fire 
control. Four IRST sensors will be used 
primarily f o r  detecting the ~lumes of missile 
exhaust. Once the exhaust’ has been detected, a 
weapon can be slewed to destroy the target. The IRST must be 
designed to have a range of at least 10 krn to be used with on 
board weapons. 
While the Digital Array Radar and IRST will be used as 
primary and secondary tracking~€ire control solutions against 
air tracks, other systems will be required to help manage the 
coastal air picture. To handle the sheer volume of air traffic 
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found in the littorals, a year 2020 Generation Identification 
Friend or Foe (IFF) system will be equipped. The IFF system 
will allow friendly, commercial and other tracks to be 
identified at long ranges (up 150 km) and further assist the 
ship in track management. Another system that will be required 
on board will be the Tactical Aid to Navigation (TACAN) system. 
TACAN is a requirement for ships that will operate with 
aircraft. TACAN allows friendly aircraft to locate and fly 
directly to the ship's position [ 4 2 ] .  
b. Weapons 
To combat magazine and temporal saturation attacks, two types 
of weapon systems will be used: The Free Electron Laser and a 
Year 2 0 2 0  Generation SEA RAM. The Free Electron Lasers will 
provide an effective counter to magazine 
saturation attacks due to its deep magazine. 
As long as the system is operational, it can 
fire without the threat of using all of its 
rounds. The ship will be configured with five 
beam directors and three beam generators. 
Since there are only three beam generators, a 
Beam Director maximum of three beam directors can be utilized 
at any one time. Any three out of the five can be utilized, 
however, by simply re-routing the beam to any one of the beam 
directors. The Free Electron Laser ( F E L )  will be expected to 
have a range of at least 10 km. This range allows defense of 
the ship against six simultaneous incoming cruise missiles 
traveling at about Mach 2 [ 4 3 ] .  
The SEA RAM will be the secondary Air Defense weapon 
installed on board. The SEA RAM will help 
1 2 6  
Current SEA RAN 
scenario. ~hile the SEA R9M has less than half the range of the 
FEL, the missile defense system will give the ship the ability 
to engage more than one target at a time. The capability of the 
SEA RAM to engage more than one target at a time will 
effectively ~omplement the FEL. There will be three SEA ~ 
mounts on board and they will be spaced as far from the FEL 
directors as possible in the event the ship sustains damage. 
The   mini mu^ range of the SEA RAM will be 4 km ~~urrent 
capabilit~~, but with te~hnulugical advancements, the range 




As stated previously, the combat systems suite will be 
~rimaril~ defensive in nature and as such features mainly point 
defense weapons. For a d d i t i ~ n ~ ~  protection from air threats, 
three other options arise: 3attle Group Escorts, E~~rked~3attle 
Group Aircraft and Electronic ~ a ~ ~ n g ~ D e c e p t i o n  Capabi~it~- 
While the Navy recently canceled the ~ d v a ~ c e d  ~ntegrated 
Electronic ~ar€are System ~ A ~ ~ W S ~ ,  the assu~~ptl~n will be made 
that a similar ~ r ~ ~ r a m  with more advanced capabilities will be 
reinstated by .the Year 2 ~ ~ ~ .  The electronic warfare 
capabilities added with this system will give the ship an active 
j a ~ i n g  capability and perhaps even a decoy system fur use 
onboard the ship ~provid~d the radar cross section can be 
reduced to an acceptable level vs. size). Other defense against 
air attack will come in the form of air defense capabilities on 
other battle group assets as well as from e~arked aircraft such 
as the Joint Strike Fighter, These other assets, if required, 
must protect the Sea Force from ranges greater than 10 km and 
preferably out to a range of 100 km+. For a layout of the air 












Battle Group Air/Surface Assets 
Free Electron Laser 
Enhanced SEA FUiM 




1 0 - l o o +  
Layered Air Defense for Sea Force Table 18. 
4. Mine Interdiction Warfare 
0- 10 
With the air threat capabilities defined, the next concern 
will be the mine warfare threat. For Littoral warfare, this 
area must not be overlooked as mining of coastal waters is and 
will be an excellent defensive for the enemy. Even though Mine 
Warfare was discussed after Air Warfare, it will be no less 
important in the combat systems design. Using the premise that 
the combat system suite would not contain any robust offensive 
capabilities, the decision was made to only enable the ship to 
perform basic mine detection, clearance and removal operations. 
The ship would not knowingly steam into heavily mine infested 
waters without assistance from battle group assets such as mine 
hunting ships. The ship would be enabled, however, with basic 
mine detection and removal equipment in the event of the non- 
availability of battle group assets or small scale mine threats. 
The requirement to operate in a Littoral environment dictates 
that some mine detection capability be retained onboard or 
simply the mention of a mine threat might make the ship 
incapable of conducting its mission. 
1 2 8  
The primary mine detection and removal assets for the Sea 
Force will be the e ~ a r k e d  aircraft e ~ u i ~ ~ e d  with mine 
detection/re~oval ~ ~ u i p ~ e n t .  The aircraft to be used for the 
Mine Interdiction Warfare Mission ~ M I W ~  will be e ~ a r ~ e d  Year 
2 ~ 2 ~  ~eneratlon SH-60 aircraft or an a~~ro~riately configured 
MV-22's. While the MV-22 is not currently envisioned for any 
1 
mission other than to carry marines and other cargo, the 
assumption will be made that without an SH-60 aircraft on board, 
an MV-22 or other hover-type aircraft will be  quipped to carry 
out M ~ W .  
1 
The types of e~ui~ment to be used mounted in these aircraft 
include such systems as the Airbor~e Laser Mine Detection System 
~ ~ L M D S ~  or the Rapid Airborne Mine Clearance System ~ ~ ~ ~ S ~ .  
The ALMDS will be ~ounted to the fuselage of the aircraft and 
use a laser to penetrate the water to 
about 15 meters. The system will be used 
to search for floating and surface mines. 
The ~ I ~ S  will be integrated with 
the ALM~S. Once the mines have been 
detected, a ~~~ cannon will fire super-cavitat~n~ rounds to 
destroy the mines. While this may not be the exact system in 
A m s  Nodule 
use for ~ I W  in the future, the system utilized will certainly be 
similar in design. 
In addition to the aircraft, Unmanned Undersea Vehicles or 
~UV,s will a l s o  be utilized. As will be the case with Aircraft 
mounted ~I~ equipment, UUV,s will allow the ship to stay safely 
out of the suspected mine area (at least 10 km). These 
auto no mu^^ undersea vehicles will be la~nched from the ship, 
detect mines andlor ensure their destruction. Some current 
systems include the Long Term Mine ~econ~aissance Systems 
~ L M ~ S ~ ,  the Remote M ~ ~ e h ~ n t i n g  System ~~S~ and the ~nha~ced 
Mine ~eutrallzation System ~E~~~~ 1 4 4 1  I 
5 .  Surface Warfare 
Surface Warfare will be the final of the three warfare 
areas of concern. Similar to Air and Mine Warfare, defense 
against small boat attacks will be of primary importance in the 
coastal environment. In the past, the Navy has concentrated on 
weapon systems to win engagements that focus on combatant-to- 
combatant or warship versus warship type scenarios. In this 
environment, the concern will be a small boat or groups of small 
boats attempting to disrupt operations by cause damage to the 
Sea Force. Like a high-density missile attack, swarms of small 
boats may attempt to overwhelm the ship's defenses and cause 
enough damage to inflict a mission kill. To further complicate 
defeating a small boat threat, these boats may attempt to hide 
among non-combatants such as fishing or merchant vessels 
rendering conventional weapons useless. To defeat the small 
boat threat, new generation of missiles and weapons will be 
utilized. 
a. Sensors 
To deal with the possibility of high-density small boat 
attacks, several different sensors will be utilized. . The 
primary surface search and navigation radar will be a Year 2020 
Generation equivalent SPS-73 radar. The surface search and 
navigation radar must be capable of providing detection of small 
surface vessels and have the ability to be tuned for 
navigational use. The required range of the radar will be 
comparable to today's surface radars that have a minimum of 
about 24 km (-horizon) and extend out to about 119 km (weather 
and other conditions permitting). 
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The Digital ~rray Radar will be used in conjunction with 
Electro-Upt~cal Systems for primary and secondary tracking and 
fire control. The Year 2020 Digital Array Radar will be ideal 
for tracking the numerous surface targets that will be present 
in the littoral environme~t. The ship will utilize four arrays 
which provide 360 degree coverage to within -100 feet of the 
ship. The Volume S e a r c h ~ ~ ~ g i t ~ l  Array Radar for the ship must 
provide ranges of at least 10 km for tracking of friendly and 
enemy surface targets. 
In .the event that a surface vessel is lust in sea clutter, 
a small boat in rough seas for example, the installed electro- 
optical system will be used as backup. The Infrared Search and 
Track System will be used as the pr~mary electro-uptical sensor. 
Secondary electro-optical systems, cost permitting, may include 
the Year 2 ~ 2 ~  ~enerati~n Thermal Infrared Sensor System ~ T I ~ ~ I  
or Forxard Looking Infrared Radar (FLIRI. These systems will 
provide an excellent comple~ent to the Digital Array radar by 
al~o~ing even the smallest of vessels to be discerned f r o m  the 
s~rruundings. 
b. Weapons 
A new breed of weapon will be required to c o ~ a t  the 
p~ssib~lity of hi~h-densi~y, small boat attacks andlor small 
boats at~e~pting to protect themselves among n o n - ~ o ~ a t a ~ t ~ .  
The weapon must not only be able to disable multiple targets 
quickly, but its effects must be focused. These r€qui~ements 
can be met using several different types of weapons. These 
weapons include the Year 2020  ene era ti on SEA RAM, the Free 
Electron Laser, and an Electromagnetic Rail Gun. 
The inner-~ost defense of the ship will be the SEA fiAM and the 
Free Electron Laser .  The current SEA RAM provides defense out 
to 4 km against air targets only. By the year 2020, however, it 
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is anticipated that the SEA RAM will not only have an additional 
surface mode, but that the system will have a range on the order 
of about 10 km. The SEA RAM will be used primarily against 
small boats and medium sized surface vessels for mission kill. 
The weapon will cause minimal effect on 1arge.r combatant and big 
deck ships and should be used primarily against ships clear of 
non-combatant vessels. 
The next weapon in the layered surface defense will be the 
Free Electron Laser. The Free Electron layer will provide 
coverage out to 10 km and will be used for precision shots. The 
FEL is ideal for disabling small boats attempting to find cover ' 
in a group of non-combatant vessels. The FEL can be used to 
burn holes into exposed weapon systems, engines or the hull 
itself without endangering nearby fishing, merchant or nearby 
pleasure craft. 
To provide a capability against largei vessels, the 
Electromagnetic Rail Gun can be fired line of sight. Armor 
penetrating or fragmentation rounds can be fired to disable or 
provide mission kills on a vessel. Four Rail Gun mounts will be 
placed on the four diagonal corners of the ship to provide 360' 
coverage out to the horizon or about 24 km. While the rail gun 
will be utilized primarily for Fire Support Capability, it 
provides a redundant weapon for use in Surface Warfare. 
To provide a surface defense at ranges of greater than 24 
km, embarked Joint Strike Fighters, SH-60's or MV-22 equipped 
aircraft could provide protection. The Joint Strike Fighter 
could utilize its gun or any loaded bombs to perform the surface 
mission against larger surface combatant or big decks. If the 
embarked aircraft are being utilized for STOM, other battle 














E~arked JSF' s 
Battle Group Air/Sur€ace Assets 
Electromagneti~ Rail Gun 
Free Electron Laser 
Electro~agnetic Rail Gun 
Enhance-d SEA RAM 
Active Electronic ~ar€are 
Decoys 
Layered Surface Defense for Sea I 
6 ,  Undersea Warfare 
The Undersea Warfare ~apability will be ~ i n i ~ a l  on the Sea 
Force. If a major undersea threat exists, the Sea Force will be 
placed at a safe standoff distance and battle group assets will 
be utilized to hunt and neutralize the threat. To i~cor~orate 
an extensive Undersea threat on the Sea Force would drive up the 
cost not to   en ti on place a vital asset, lnte~ded solely for 
 ST^^, at risk of serious damage or sinking. To provide a basic 
defensive capability so the ship can clear the area, aircraft 
~ounted dipping sonars and UUV's will be utilized. 
a Sensors 
The SH-60 and/or W - 2 2  cunfi~uKed aircraft along with 
U~~anned Undersea Vehicles will be utilized in the presence of 
an undersea threat. The aircraft andlux UUV's  will be de~loyed 
to attempt to locate, track and possibly neutralize any 
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potential undersea threat. The Sea Force will then proceed out 
of the area until the threat is neutralized. The Sea Force will 
absolutely not be utilized to attempt to localize and neutralize 
a threat with onboard systems. 
Layer Weapon System 
Battle Group Submarines, Air and 
Surface Assets 
Unmanned Undersea Vehicles 






Once a track has been localized and tracked with an 
appropriate fire control solution, the aircraft and/or UUV's 
will be equipped with Year 2020 Generation MK46/50 torpedoes. 
These will be the only weapons available to the Sea Force in the 
event of an undersea threat. If additional assets are required, 
. additional battle group assets will be required to include 
Range (km) 
l o o t  
0-100 
aircraft, submarines, aircraft and ships. 
7. Electronic Warfare 
The Sea Force will incorporate the latest electronic 
warfare (EW) capabilities. These capabilities will include Year 
2020 Generation Electronic Support (ES) , Electronic Attack (EA) , 
the IRST and a decoy system. These capabilities will help aid 
the ship in defending itself against anti-ship cruise missiles 
(ASCM), jamming attacks from the enemy as well as the ability to 
detect the enemy via the electronic spectrum. The overall 
architecture of EW will be provided by the Year 2020 version of 
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the Advanced Integrated Electronic Warfare System ~ ~ I ~ ~ S ~ .  The 
Navy recently canceled the program, but it is antici~ated a 
newer version of the system will be resurrected in the near 
future. The AIE~S will then be fully integrated with the CEC 
and SSDS systems allowing its whenever the threat requires it. 
The types of systems that will be integrated with this suite 
will be Year 2 ~ 2 ~  version of the S L ~ - 3 2 ~ ~ ) ,  both active and 
passive parts of the system, and a decoy system such as the MKS3 
~ULKA decoy or Super Rapid 3looming Unboard Chaff System. 
l 
8. Naval Surface Fire Support 
The ship will be primarily defensive in nature with 
the exception of the Naval Surface Fire ~ a ~ a b i l i ~ y .  While the 
ship will feature the Joint Strike Fighter for Close Air 
Support, a redundant NSFS ca~ability will be included, pendi~g 
Rail Gun final cost estimates. The final decision to include 
Rail Guns was deemed necessary because it provides additi~nal 
redundan~y for other warfare areas. Three major reasons for 
inclusion of the rail gun are: ability to operate independently, 
provides a redundant weapon for u s e  against surface threats and 
the rail gun will provide a long range strike capabili~y 
extendi~g all the way to the objective ~~2~~ NM inland). 
The rail gun, while expensive, gives the ship the ability 
to perform STOM without the assistance of battle group assets. 
If a large amo~nt of fire power is required at the objective, or 
enroute to the objective, the ship will be capable of providing 
this support with the e ~ ~ r ~ e d  Joint Strike Fighters and the 
Rail Gun. No other battle group assets will be required to 
assist the Sea Force in its mission. 
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In addition to allowing the Sea Force to operate 
independently, the rail gun provides an additional defense 
against surface threats. Without the rail gun, another weapon 
would need to be included on Sea Force to provide redundancy for 
Surface Defense. Including the rail gun helps to offset costs 
by covering multiple requirements with one system, in this case, 
NSFS and a surface warfare backup weapon. 
Another key capability of the rail gun will be its ability 
to strike at targets from great distances thus acting as another 
"squadron" of JSF's. One example would be a situation in which 
the embarked expeditionary forces were required to accomplish 
missions in three geographically different areas simultaneously. 
The Joint Strike Fighters could be split between two of the 
objectives for close air support, while the third target area, 
would be covered by the Rail Guns. While there will certainly 
be a cost argilment for including the rail guns, there is little 
argument that the rail guns vastly improve the capabilities of 
the ship to conduct its mission. 
I 
A conceptual rail gun is shown to the right. The gun has 








same amount of volume as the 5" 
The module includes power 
s, a magazine as well as the gun 
barrel training mechanisms. On 
Sea Force, four mounts positioned 
be positioned at the four 
ers of the ship. These mounts 
NSWC Dahlgren Conceptual Rail 
can then be utilized two at a time, Gun Design 
port or starboard. All four mounts cannot be utilized 
simultaneously because of the power demand on the ship. The 
Rail Gun is expected to have a range up to 400 NM giving it the 
1 3 6  
ability to launch from about 200 NM offshore and reach 
objectives up to ~ 0 0 ~ ~  inland 1451. 
The ar~angement of combat systems unboard Sea Force 
utilized the folluwing design principles ranked by importance: 
  la cement and v o l ~ ~ e  of weapons and sensors to o p t i ~ i ~ e  Ship-to- 
~bjective ~a~euver, Survivability, Auto~ati~n, ~aintainability, 
~elia~ility, and ~pgradeability~Af€ordability throu~h the use of 
~ o ~ e r ~ i a l  Uff-the-Shelf ~ C ~ T S ~  Equipment. 
The most difficult task of the combat suite design was 
i~plementing a combat system that would not obstruct the flight 
deck or any S T U ~  requirements. To facilitate keeping a clear 
flight deck, the tower was eliminated m~king antenna and radar 
placement much more difficult. ~ddi~ionally, all weapon systems 
had to be mounted along the sides of the ship to avoid 
in~erfer~ng with flight operations. The lack of a tuwer further 
increased the difficulty of ~aking the Sea Force a Joint C ~ ~ a n d  
Center. 
The combat systems suite, despite the above restrictions, 
was designed in accordance with the above re~uir~m~nts. ~ h l l ~  
some of the restrictions did pose difficulties, the entire 
planned suite was impl~mented with the exception of the antenna 
layout. If sufficient time were available, a more careful 
layout of antennas and their separation would be perfur~ed. 
This analysis must be cunducted before u~ilizing Sea Force as a 
Joint C o ~ a n d  Center. 
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10. Survivability Analysis 
At 150km, it has been assumed that the Joint Strike Fighter 
can engage threat aircraft or surface based missile launching 
sights. The JSF has the probability of killing half of these 
aircraft and half of any launched missiles. The .total 
probability of the JSF against the aircraft and missiles is: 
PK-JsF =1-0.6~0.6=.64 
The Joint Strike Fighter will provide coverage for the ship 
to a range of about 10 km. Inside this envelope, the Free I 
Electron Laser and Year 2020 Generation SEA RAM will be 
responsible for protection of the ship. For the FEL, the 
reliability will be based on the beam director's ability to 
track the target and the proper functioning of each individual 
component. A figure of 85% has been assigned to the FEL. The 
lethality will be assumed to be 100%. The total kill 
probability will be: 
PK-fEL = .85 x 1 .O = .85 
For the SEA RAM, the Surface-to-Surface missile is assumed 
to have a reliability of 85% and a warhead lethality (given a 
hit) of . 70 .  The single shot kill probability against an ASCM 
will be: 
PK-ssw = .85 x 0.7 = .595 
Since killing an incoming missile will not be assured, it 
may be prudent to fire two SEA F p M  missiles to ensure a higher 
kill probability, this will then enable the SEA RAM to have kill 
probability against an ASCM of: 
PK-ssmv = 1 - (1 - 0.595)2 = .8359 
To account for the electronic warfare systems, a probability of 
kill against anti-ship cruise missiles will be 0.5. 
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Having accounted for all air defense systems, the total 
I 
effectiveness for the self-defense layer can be assessed. The 
A maximum credible attack would involve 50 ~ S ~ ~ s ~  the 
possibilit~ of one or  more missiles leaking through the 
defensive layer will be: I 
Given this value, the Sea Force would have an 18% chance of 
being struck by a missile, but the side hulls will give a great 
advantage over mono-h~ll ships, The side-hulls of the trimaran 
will allow the ship to sustain more missile hits than a 
conventional carrier or big deck amphibious platform. The 
protection the side hulls provide was another driver in the 
design decision to build a trimaran ship 1461,  
33 .  Conbat ~ ~ ~ ~ ~ ~ e ~ t  Flow 
Having fully described the combat systems design process, 
its layout and effectiveness, a proposed engag~ment flow for 
e~ploying the weapons and sensors will be described. 
a. Air Defense 
The air defenses will begin by detecting a target thr~ugh 
one or more of several different methods. At ranges of l ~ ~ k m ~ ,  
the Digital A r r a y  Radar will be able to gain a track on an 
u~known threat. The operator onboard will then be able to 
utilize o w ~ s h i ~  aircraft, IFF  or another ship’s inform~tion on 
~ -. . ._ .. . .- -. . . . . . . . 
the track to identify. As the air track closes the vessel, 
additional sensors such as the electronic warfare suite could 
attempt to correlate the track based on its emissions. If the 
track is finally identified as hostile, it will be designated as 
such by the operators. At ranges in excess of 10km, any 
available Joint Strike Fighters or other battle gro{p fighters 
can be vectored to the target to engage. If no aircraft are 
available, the ship can wait for the target to close within 
10km. At this point, the Digital Array Radar, SEA RAM radar 
and/or the Infrared Search and Track System can then be used to 
maintain track and pass a fire control solution to the Free 
Electron Laser or SEA RAM. The FEL and SEA RAM may then engage 
the target and await a kill. If multiple inbound missiles are 
present the FEL, SEA RAM and onboard decoy systems could be used 
simultaneously to attempt to defeat the inbound threats. As 
shown above, the weapon systems onboard have a high probability 
of defeating the threat with only 18%, or 9 missiles out of 
every fifty simultaneous inbound missiles reaching the ship. 
b. Surface Engagements 
Similar to the Air Defense Sequence, surface targets will 
initially be detected by the Digital Array Radar at ranges 
greater than 50km. The operators will then begin to assess the 
potential threat of the unknown target via Electronic Support, 
embarked or battle group aircraft or other friendly ships in the 
area. Once the ship has been identified, and providing it is 
hostile, aircraft can be vectored to the position to engage. If 
these aircraft are not successful in their engagement, and the 
threat continues to close, the surface search radars can be used 
to help track the target and hand of to the IRST. Either the 
IRST, or the Digital Array radar can then be used for fire 
control solutions on the target. When the target closes within 
1 4 0  
24km, the rail gun can be utilized against the target. If the 
target is still not neutrali~~d, the FEL, if the vessel is small 
enough, and the SEA RAM can be utilized against the vessel. If 
the surface threat should launch missiles, the above air threat 
sequence would be invoked. The ship has a very robust defensive 
surface capa~ility and the probability is high that the surface 
threat will be defeated. Even in the event of a few enemy 
vessels hidlng amid swarms of non-cu~atant vessels, the FEL can 
be utilized to successfully defeat the threat, 
c. Mine and ~ ~ d e ~ ~ e a  Warfare ~ ~ g ~ g e ~ e n t ~  
These two engagem~nts are similar in the means used to deal 
with both situations. Ideally, the Sea Force would be kept 
clear of major, mine and undersea threats. The prim~ry mission 
of the ship is ~ T ~ ~ ,  not h ntingmines or submari~es. In the 
real world, however, the Sea Force may find itself involved in 
an operation when it discovers either a nearby mine or undersea 
threat. To allow it to safely co~tinue its m~ssion, it has a 
mini~al but highly effective capability against mine and 
undersea threats. Should the Sea Force become aware of either 
of these threats, it will attempt to clear the suspected area to 
a safe distance while min~mi~ing the impact on its current 
operations. Unboard aircraft and ~ ~ m a ~ n e d  Un ersea Vehicles 
will then be deployed to localize and or track the threats. 
These ca~abilities can then be used to neutralize the threats or 
aid other battle group assets in destroy in^ the mine or 
sub~arine threats. The Sea Force can then resume normal 
operations. In the past, ships that were not e~~ipped to handle 
a mine threat, were forced to leave the area and their 
operations were effectively stopped until these threats could be 
neutralized. T~chnology has enable nearly any ship to retain a 
mine and undersea capability for a very reasonable c&t. 
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d .  Naval Surface Fire Support 
The only offensive capability retained on Sea Force was the 
ability to project fire ashore. While the Joint Strike Fighters 
will be the primary assets for Marine Close-Air Support, the 
Rail Gun gives the Sea Force the ability to support more 
simultaneous fire-support operations. The rail gun, while 
expensive and power hungry, will provide the capability for the 
Sea Force to launch both fragmentation and armor piercing 
projectiles at distance up to 400 NM. The rail gun allows the 
ship to fire from up to 200NM offshore to 200NM inland. While 
cost will certainly become an issue for the Rail Gun, it is an 
excellent weapon that will vastly improve the effectiveness of 
the Sea Force. 
1 
E .  PROPULSION/ELECTRIW 
1 .  P r o p u l s i o n  P l a n t  
The Sea Force is a big ship with 990 ft length, 200 ft 
beam and with a displacement of about 85 000LT. Several trade- 
off studies were performed, among them conventional steam 
plants, diesel engines, fuel cells, nuclear plants and gas 
turbines. Due to power to weight, power to volume, specific fuel 
consumption and location flexibility advantages, gas turbines 
were selected as the prime movers. After resistance calculations 
for the main and the side hulls, it was seen that we will need a 
total power of 218 000 HP including 15 MW ship's electrical 
service load. In order to generate this much power three LM 6000 
and one LM 2500+ are utilized. 
1 4 2  
The 
b 
speed vs power 
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Figure 49. Table 5.1 Speed versus Power 
Diagram 
r 
LM ~~~0 gas turbine engines are usually used for the 
big cargo carrier type ships. This reason was the first starting 
point for the trade off studies between gas turbine engines. 
Since volume is an important issue for The Sea Force, along with 
increased efficiency in SFC, the LM 6 ~ 0 ~  was selected as the 
primary prime mover. For the smaller prime mover ~ ~ ~ u i r e m e ~ ~ s  
the LM 2 ~ 0 0 +  is utilized. 
Vulume and the weight require~en~s for The Sea Force 
were derived based on similar studies on power to volume and 
power to ratio of the MPF 2010 ship. ~ c c ~ r d ~ n g  to our 
calculations~ the ship pr~pulsion will need a volume of ~ ~ O r ~ 0 3  
cubic feet and 8084 LT weight. 
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a .  Propulsors and Motor S e l e c t i o n  
For the propulsors because of the advantages of volume, 
weight, location flexibility and maneuverability especially at 
low speeds, pods are chosen. 
Figure 50. Typical Electrical Pod 
One of the main items of concern to the design team, was 
the dimensions of the pods. Due to the trimaran design, the hull 
of the SEA Force is relatively narrow. Four pods needed to be 
installed because of the total power requirement of the ship. In 
case of two pods; two propulsion motors almost capable of 80MW 
would be needed. Today's technology doesn't offer that level of 
power for the propulsion motors. Therefore, the design ended up 
with four pods. 
The other concern for the pods was in terms of size and 
dimensions. Because of the narrow main hull of the trimaran 
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design the size of the pods and the propeller diameter were the 
I 
other problems. 
This problem was solved with HTS ~~~~h T~mperature 
~ ~ ~ e r c u ~ d ~ c ~ i n g ~  AC Syn~hronous Motors. The biggest HTS AC 
Synchronuus motor in terms of power ~ e ~ e r a t i ~ n  is 25 ~~, by 
~ e r i c a ~  S perc~nducting Co~pany- But today's t~c~nology still 
doesn't give us a good solution. Since the design team was 
investigati~g technolo~y that will be utilized by year 2020' it 
is assumed that 4 0 ~ ~  motors will be available at that time with 
the same di~ensions or slightly bigger than today's. 
I 
The 25 ~~ HTS AC Synchrono~s Motors have diameter of 2.65 
and the length of 2.08 meters. Therefore, it was assumed that 
the pods diameter will be 3.7 meters and the length will be 6.5 
I 
meters. 
In order to get the best hydrodyna~ic efficiency with the 
3.7 meters wide pods, calculations for proper diameter of the 
propellers were conducted fur both fixed pitch and ~ontKollabl~ 
pitch propellers. The followi~g graph is offered as a sample of 
the calculatio~s that were performed. 
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Figure 51. Diameter versus Prop 
Efficiency Diagram 
As can seen from the graph, fixed pitch propellers give 
better propeller efficiency with smaller diameters. The POP 
program developed at the University of Michigan was used for our 
prediction of the propeller design. For all the diameters below 
5 m, cavitations occurs. 
As a result, a fixed pitch propeller with 5.5 meters 
diameter was chosen. Since the pods can rotate 360 degrees we 
don't need to use controllable pitch for maneuvering. 
c. Fuel Calculations 
Two different fuel czlculations were made for different 
speed combinations and speed steps from 5 knots to 30 knots for 
the range of 10,000 nautical miles. 
As seen from Table 2 1  the LM 2 5 0 0 t  is feasible and 
efficient in terms of fuel only up to 10 knots. For speeds 
higher than 10 knots, the LM 6000 starts to offer an advantage. 
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After these ~ a l c ~ l a t ~ o n s  we see that if Sea Force travels 1 0 0 ~ ~  
miles with 30 knots it will need about 1 1 , ~ ~ 0  LT of fuel. Since 
it won't necessarily travel at f u l l  speed all the time in order 
to get to the theater, several other calculati~ns were made with 
different possible speed co~in~tions. 
Table 21. Fuel ~al&ulation for ~ 0 ~ 0 0  miles 
As seen from Table 22 co~binations of low speed (14 to 17 
knots), high speed (27 knots) and loitering speeds for 30 d a y s  
( 5  to 10 knots) were studied. In other words f u e l  ~ ~ ~ s ~ ~ p ~ i o ~  of 
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transit period for 10,000 miles and 30 days of loitering was 
calculated. The combination of 14 knots low speed for 90% of the 
transit time, 27 knots high speed for 10% of the transit time 
and 5 knots loitering speed for 30 days seems to be the best 
efficient choice in terms of the fuel consumption with 7394 LT. 
Similar calculations can be performed for a different speed 
operational profile for the ship. 
17- 27- 10  8329.9144 
Table 22. Speed Combinations versus Fuel Consumption 
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d. Engine Room Locations 
I 
The Sea Force will have 3 engine rooms. One engine room 
will be above the waterline and the other two will be below the 
waterline. The engine room at the aft will include LM ~~~~~ and 
one of the LM ~~~~. The ones below the waterline will enclose 
the re~aining each LM 6 0 0 ~  and auxiliaries. The arrang~ment of 
the locations was made due to the volume capacity of the engine 
rooms. To have one of the engines room above the waterline also 
increases the survivability. 
Figure 5 2 .  Engine Layout Plan 
2 .  Electrical 
The Sea Force electrical dis~ribu~ion system was broken down 
to four s~bsystems: power load, power ~ e n e r a ~ i ~ n ~  and power 
distri~uti~n and power c ~ ~ v ~ r s i o n  as discussed below. 
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a.  Power Loads 
Load Continuous 
Propulsion at 144MW 
3 OKno t s 
Propulsion at 40MW 
20 Knots 




Rail gun + 
FEL 
Table 23. Required Power for Major Loads 
100 MW 
The total installed electrical power of 159 MW was based on 
two scenarios: 
The first scenario is operating the ship at its top speed of 
30 knots, which requires 144 MW, and at the same time being able 
to operate the ship's service electrical load other than 
propulsion, which is estimated to be around 15 MW. 
The second scenario is to operate combat system at full 
power, which requires around 100 MW for the Rail Gun and the FEL 
operations, which limits the ship's speed to 20 knots. Since 
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the power required for operating the combat system at full power 
is high and to ensure stable power d i ~ t r i ~ ~ t i o n ~  the system of 
€lyw~eels and the capacitors are used to store energy for the 
combat systems. 
b. Power  ~ ~ ~ e ~ a t ~ ~ ~  
The total installed power of 159 ~~ is generated by 3 ~ ~ 6 ~ ~ Q  
generators providing 4 3 ~ ~  each and one ~ M 2 ~ U Q ~  generator 
Froviding 3~~~~  any generators were studied and the selection 
of the L ~ 6 ~ Q Q  and the ~ ~ 2 ~ Q Q +  was based on a trade off study of 
weight and volume by unit horsepoweK, the specific fuel 
consumptio~ and the lowest fuel consu~ption fur the power 
required. The ~~6~~~ has low specific fuel cons~mpt~on at high 
power ~ a k i ~ g  it the most efficient under heavy loading. At lower 
power levels, especially during loitering, the LMZ~QQ+ will be 
used since it will be more efficient. Table 24 below presents 
the engines specifications: 
Table 24. Generators' ~ ~ e c i f ~ ~ a t l 5 n s  
For surviv~~illty reasons one ~ ~ 6 0 0  and one L ~ ~ 5 ~ 0 i  
will be located in the Main Engine Room One ~~E~~~ in zone one, 
one ~ ~ 6 Q Q O  will be located in the ~~~2 in zone 4 and the last 
LM6000 will be located in the MER3 in zone 12. The four 
generators will be connected to each of the four buses through 
the appropriate breakers. 
I 
One LM2500+ can provide the 15MW for ship service and the 
power required for propulsion to a speed of up to 14.5 Knots, 
which is perfect for loitering and cruising at low speed. If 
more speed is needed or high power is required for combat system 
we can operate the other gas turbines. Table 25 below shows the 
total speed that can be achieved using different gas turbines. 
, 
Ship’s Service Prop Power 
Gas Turbine Electric Power (MW) BHP 
I Lm2500+ 15MW 15 201 15.32788 








15MW 58 77779.2678 22.5 




Table 25. Speed and Engine Combinations 
15MW 101 135443.2077 26.5 
15MW 114 152876.4919 27.5 
c . Power D i s t r i b u t i o n  
15MW 
For the electrical distribution integrated power system 
architecture was chosen. A combination of AC and DC zonal 
electrical distribution system (ZEDS) was used. Although DC ZEDS 
has many advantages over the conventional AC we couldn’t limit 
our distribution system to DC only because at this high power 
all the electrical propulsion motors are AC due to commutation 
limitations in DC motors that limit their applications in our 
podded propulsion. More importantly, the power electronics 
available for a DC system are expensive and limited in voltage. 
The mechanical switchgear for DC equipment is both limited in 
current and high in cost, adding to that distribution and 
144 1 931 07.1476 30 
5 52 
protection coordination issues associated with an all DC system 
leads to a hybrid system being favored for this applicat~~n. 
Four buses will cross the ship, two buses on the port side 
and two on the starboard side, with two buses above the 
waterline and two below the waterline. Two of them will carry 
4160 VAC and the other two will carry 1100 VDC. 
For survivability reasons, the four buses will be tied to 
each of the four generators. This architecture will allow the 
ship to be sectioned into multip~e zones that are powered from 
the port or starboard AC and DC bus ties. This will minimi~e the 
n u ~ e r  of electrical penetrations through the 'wate~ti~ht 
~ulkheads and allowing fo r  modular constructi~n and testing. 
The ship is divided into 15 zunes corresponding to the ship's 
15 watertight bulkheads. In each zune a c o ~ i n a t i u ~  of AC and 
DC ZEDS is used. The AC buses are connected to the zone through 
a step down trans€ormer and :he DC buses are connected to the 
zone through SSCM and diode auctioneering giving an output of 
930 VDC for the port side and 850 VGC in starboard, Throu~h 
diode auctio~eering~ if primary 900 VDC power source is lost the 
secondary 850 VDC power source will be ready for back up to 
provide power for the vital loads. 
The sensitive port AC and DC e ~ u i p m e ~ ~  requiring a smooth 
wave€orm are connected to the port DC bus through a SSCM and a 
SSIM and the sensitive starboard AC and DC ~~uipment are 
connected to the starboard DC bus through a SSCM and a SSIM. 
The sensitive vital loads such as combat system computers or 
lighting are tied to both buses. 
The non-sensitive e~uipments that do not require a  moot^ 
waveform are connected to the AC buses t ~ r o u ~ h  a step down 
~ransformers and SSCM. Figure 53 shows a typical in zune 
electrical distribution 
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I+l 450 VAC 
l l  
Figure 53. Typical in Zone Electrical 
Distribution 
The generators are located in the three engine rooms. Two 
of them are in the first zone the third zones, and one is in the 
fourth zone and the last one in the zone 12. The propulsion 
motors are tied to both AC buses thought propulsion motor 
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modulus, which consists. of a tra~sformer and a ~ y ~ l u c ~ n v ~ r t u r *  
The FEL and real gun are a l s o  tled to both AC buses. Figure 54 
shows the generators locations, their conne~ti~n to buses and 
the propuls~on motors 'conn~ctio~s to the buses. 
1 
I 
Figure 54. Generator Locations and 
~onnections 
The four major power c~nversiun modules used are: 
propu~s~on motor module P~ and power c u ~ v e r ~ ~ o ~  module PCM-1, 
PCM-2 and PCM-4 and are described below. These power modul~s are 
the main factor in limit in^ the DC bus power to 1100 V because 
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of the use of insulated gate bipolar transistor power 
semiconductor devices that are limited in voltage. 
P o w e r  Motor module PMM 
PMM is basically transformer and cycloconvertor use to 
convert the 4160 VAC, 3phase, 60 Hz power provided by the 2 AC 
buses to the appropriate variable voltage and frequency required 
by the 4 40 MW HTS superconducting propulsion motors required 
for the podded propulsion. We will need four PMM modules one for 
each propulsion motor. The unit weight and volume is 
approximated to be 45.15 mT and 26.78 m3. 
AC-DC P o w e r  C o n v e r s i o n  Module PCM-4 
The PCM-4 is used to convert the 4160 V AC to 1100 V DC 
through a step down transformer and is then fed to the two DC 
buses. Four PCM-4 modules are used in the ship one for each 
generator. The four of them will be located in the engine rooms 
and are tied to each of the two DC buses. The weight and volume 
of each unit is approximated to be 69.4 mT and 66.9rn3 
DC-DC P o w e r  C o n v e r s i o n  Module (PCM-1) 
This module is also called the ship service converter 
module (SSCM). The purpose of the SSCM is to provide a buffer 
between the main 1100 V DC bus and the inter-zonal loads and to 
lower the main DC bus voltage from 1100 to a regulated level 
commensurate with DC to AC inverter input requirement which is 
about 900/  850V. Each zone will have two SSCM one will give an 
output of 9OOv and the other an output of 850V. The total for 
our ship will be 30 unit at an estimated unit weight and volume 
of 2.51mT and 4.44. SSCM will also be used to convert the 900 
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VDC coming from the buses to a lower voltage required by the 
electrical equipments. 
DC-AC Power ~ ~ ~ ~ e ~ s ~ u ~  ~ o ~ ~ ~ e  ~ P ~ - ~ ~  
This module is also called the Ship Service Inverter module 
~ S ~ ~ ~ ~ .  The SSIM are used to convert the 9 ~ ~ V ~ ~  to a regulated 
variable voltage, variable current and variable fre~~ency stable 
wave form AC current to supply the sensitive electrical loads 
inside the zone. The ~ ~ ~ e r  of SSlM in each zone will be at 
least two based on the different voltages and frequ~n~y 
required, The weight and volume of the SSIM per unit is 
estimated to be 7 -71 mT and 11.93 m3. 
A s u ~ a r y  of the weight and volumes for the generators power 
electronics is tabulated below. 
Table 26. ~ i ~ ~ r i ~ u t ~ u n  System weight and Volume 
Breakdown 
157 
F. DAMAGE CONTROL 
Mission accomplishment while operating in harsh 
environments is the raison d'etre of a warship. One of the most 
distinctive factors that measure the mission performance 
capability of a warship is the survivability of the ship. 
Traditionally, the damage control readiness of current warship 
utilizes suppression systems which have limited use of 
automation, remote sensing technologies, this lead to systems I 
that are highly manpower oriented and dependant on the training 
and experience of the ship's damage control parties. The damage 
control systems are not deliberately designed for pre-emptive 
action thus ensuing delays due to manual suppression systems 
take time and the value of time in damage control can lead to 
catastrophic or life saving repercussions on mission 
accomplishments and the survival of the ship 
In a reduced manning oriented Sea Base ship design, the 
importance of maintaining optimal damage condition readiness 
where manpower is a constraint that becomes even more important. 
Ensuring that an optimally manned warship is still able to meet 
the damage control readiness standards imposed; necessitates the 
exploitation of technology supplemented by damage control 
concepts such as DC-ARM. 
1. Goals 
The main goals of the damage control (DC) system 
architecture onboard the Sea Base ships are: 
a. Sensing 
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~aintain real-time situatiunal awareness of the 
overall systemic en~ironmental and structural health 
status of the ship and crew. 
Increase sensitivity and decrease detection time to 
allow pre-emptive pr~diction and real time 
assessment. 
Increase relia~ility by decreasing nuisance alarms. 
~utomatiun and rapid recovery in damage control. 
Ability to provide re~onfigurati~n of systems in 
response to casualties. I 
b. ~ e r ~ t ~ u ~ s  and ~ e ~ u v e r y  
Isolate ruptures without human ~nt~rventlon o r  
Operate pumps and valves remotely and automati~ally= 
network co~uni~ation. 
~ithstand mult~ple failures and ~~mponent 
degra~ation. 
2. Main Systems 
The sea based ship will embrace the existing cutting edge 
damage te~hnology fitted onboard the LPD 17 as well as 
facilitate the imple~entation of future technulogies currently 
under exploration. T6 ensure damage control readiness and rapid 
recovery, Sea Force exploits ~utomated technology in the areas 
of sensors, valve and ~ u m p  operations, rupture isolation, 
component red~~dancy and system r€conflguration in response to 
casualties. 
Many of these functions are accompllsh~d thruugh real-time 
sensing using the Ship Wide Area ~etwork ~ S W A ~ ~  I ~dditiunally, 
a water based blast mitigation system ~rovidin~ pre-e~~tive 
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response capability is embedded into the SWAN to permit 
corrective DC actions in areas of expected damage from impending 
missile hits or other attacks. The central nerve system of the 
damage control automation resides in the Supervisory Control 
System, which serves backbone for Sea Force's damage control 
architecture. The following is a summary of the main systems on 
board the Sea Force: 
0 An intelligent and distributed control system- that 
integrates overall damage control functions and maintains 
adequate systemic redundancy through multiple distributions 
throughout the ship. 
Early Warning Fire Detection (EWFD) system- wide array 
sensors that are distributed through out the ship to 
provide early detection and warning of potential fire 
conditions and reduce the false alarm rate 
An area-wide water mist fire protection system- provides 
the sea base ship with fire suppression system that also 
functions as an automated boundary cooling system in the 
primary fire compartment. 
Comprehensive ventilation system- Based on the 
experimentation conducted on USS Shadwell, the Sea Force 
will have a collective protection system (CPS) and a smoke 
ejection system (SES) that is integrated of ductwork, 
automatic dampers and actuators to remove smoke from 
selected shipboard passageways [ 4 8 ] .  
Autonomous smart valves - that enable rapid detection and 
isolation of damaged fluid systems 
0 Wire Free Communication (WIFCOM) capability that is able to 
integrate into the ship's main damage control network and 
allow intra compartment network communications. It will 
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provide ~nobtrusive effective co~unicati~ns between the 
damage control teams and I DC central stations that are  
essential for conducting efficient DC op~r~tions. 
Similar to l a s t  year TSSE Sea Archer design, a personnel 
electronic tagging device will be implemented to assist 
tracking of all personnel onboard the ship. 
The Sea Water and AFFF systems are distributed lon~itudinall~ 
in the machlnery spaces. These are served from a vertical 
offset loop fire main system as shown in the Figure 55 below. 
An extensive sprinkling arrangement in the berthing, st~rerooms? 
m~~azines? and selected vital spaces is incorporated to provide 
protection for personnel and control the spread of fire. Two 
redundant water mist systems (port and star board^ feed a 
centerline main that distributes an atomized mist of water to 
exting~ish fires and protect the main and auxiliary machinery 
spaces. Six independent AFFF stations serve firefi~htln~ 
s~rlnkli~g systems and hose stations in the m a g a ~ i ~ e ~  w ll deck, 
vehicle decks, flight deck and all main and auxiliary ma~hinery 
spaces. A tabulated descripti~n of the main fire fighting 
equipment ~mployed is included in Table 3 2 .  An o p ~ l ~ a l  
separation of redundant vital systems such as the vertical 
offset loop - Fire~aln and Chill Water system, the zonal 60 Hz 
power dl~tri~ution system, and the distributed S~~~ servers. 
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C o m Da rtm e nt 
Machinery spaces  
Engine enclosures 
IM agazine areas 
Electronics equipment rooms 
I 'Hangar  
IVehicle Deck  - 
Well  Deck  
Flight deck  
c IC 
Bridge 
A ccommod a tions 




P aint lo c k er s 
PumD rooms 
FM 200 I C O ,  I W a t e r M i s t  I AFFF I 
I - 
- -  I - -  I X I X I 
- -  - -  X X 
X X 
Table 27. Table 1: A summary of t h e  main damage 
control systems and t h e i r  employment onboard. 
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Figure 55. ~epicting the Sea Force's 
AFFF distri~~tion and fire main 
distribution. 
Water ~~5~ ~ y s t ~ ~  
During last ten years, im~rovement of this te&~nulogy made 
it preferable for the fire fight in^ systems, After the halon gas 
was banned by the most countries in the world water mist took 
its place. The fire is made up of three main principal 
~onstituents, which are fla~able material, heat and oxygen. 
Water mist system eliminates two of the three factors; heat and 
oxygen . 
The mist created by the systems consists of small drops of 
water measuring 5-200 pm. The atomized water droplets are drawn 
to the base and expand in volume by 1700 times to replace the 
oxygen. These are sprayed into the fire area where the mist is 
transformed into vzpor - a process that consumes great ~ m ~ u n t s  
of energy and thereby reduces the heat produced by the fire. The 
heat reduction occurs more than 100 times faster than when 
normal sprink~ers~nozzles are used, even though these use as 
much as 20 times more water. To supply the small drops of water 
and at the same time ensure adequate throw needs a minimum 
pressure of 80 bars. 
- 
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It cools the fire area in a very short time. This allows 
firefighters to enter the fire area and extinguish fire. Because 
of its cooling effect and room flooding ability, water mist 
systems prevent reigniting. Major advantages of this system are 
significant savings on weight & space requirements. Easy 
installation due to small pipe dimensions, minimal damage 
because of the amount of water used, quick cooling down, 
harmlessness to people and environment, high durability, ability 
to be combined with other remote releases. 
Besides advantages, the system has disadvantages like every 
system does. It doesn't do well for small fires. Even the cost 
of the system decreases day by day, these systems tend to be 
somewhat more complicated and more expensive than the 
conventional sprinkler systems. Typically requires greater water 
pressure than conventional sprinklers. While some water mist 
systems have been developed to operate at relatively low water 
pressure, most water mist systems require compressed gas or 
high-pressure pumps to create the atomized spray necessary for 
proper operation. 
The sea base ship will have a port and starboard systems 
that provides redundancy. Either system will be able to feed the 
centerline main. This will distributes an atomized mist of water 
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to the €ollowin~ compart~ent to extin~uish fires and protect the 
main and auxiliary machinery places. 
2 .  ~ a ~ e r - ~ a 5 e ~  B las t  i ~ i g ~ t ~ o ~  
One concept currently under develup~ent in UNR is the 
”water-based blast ~itl~atlon program to determine the efficacy 
of fine water droplets to reduce the p r o ~ a ~ a t i ~ n  speeds and 
quasi-static $ g a s  pressure b~ildup €allowing a weapon 
explosion-”~1~. A water based mitigation system essentially 
sprays atomized water droplets into the c o m p ~ r ~ m e ~ t  similar to 
the water mist systems above, however instead of being d ~ ~ l u y e d  
as a preventive system it is integrated into the shipb~ard AN 
LAN. Based on current ONR research the atomized droplets serve 
to minimize the blast effect of the impending d e t o ~ a t i ~ ~  by 
a b s o r ~ i r i g  the pressure e n e r g y  i n  the b l a s t  wave ~ e n e r ~ ~  
” s t r i p p i  n g ”) 
~ u e ~ c h ~ ~ g  the f l a m e  f ron t  and f i ~ e b a l l  
p a r t i a l  a b s o r p t i o ~  o f  the h e a t  o f  ~ e t o n a t i o ~  
r e d ~ c i ~ g  the ~ i ~ e l i h o o d  o f  p o s t - b l a s t  i g n i t i o n  of 
c o m b ~ s t i ~ l e s  and 
I s u b s e ~ u e n t  f i r e  s p r e a d  [21 
F o r  the Sea b a s e d  t r i ~ a r a n  h u l l  f o r m ,  the side ~ u l l s  are 
c u r r e n t ~ y  d e s i g n  t o  c a r r y  s e a w a t e r  b a l l a s t  t a n k s  and a c t s  a s  
i n n a t e  s t a t i c  ~ r o t e ~ t i o ~  b u f f e r  a g a i n s t  d a m a ~ e  t o  the  in h u l l ,  
There is no loss of ~ u o y a n c y  if the side h u l l s  a r e  ~ a ~ a ~ ~  since 
they were o r i g ~ ~ a ~ l y  f i l e d  w i t h  s e a w a t e r ,  ~ i t h  the ~ a t ~ r - b a s e d  
b l a s t  m ~ t i g a t i o ~  system, ~ o c a t i o n s  i n  the m a i n  h u l l  t h a t  a r e  
u ~ ~ r o t e c t e d   fro^ the side ~ ~ ~ 1 s  c a n  h a v e  fur ther  p r o t e ~ t i u n .  
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3. Distributed Control Architecture 
The use of an intelligent and robust damage control 
architecture distributed throughout the ships will be a critical 
enabler. It will serve to bind the entire damage control 
architecture together into an efficient system that enhances 
survivability and aids mission accomplishment. The Sea Force 
will adopt the DC-ARM Supervisory Control System (SCS) approach. 
The SCS is primarily “a hierarchical distributed control system 
that provides a user interface for displaying DC sensor 
information, pre-hit damage prediction, video, door closure, 
automated decision aids and automatic actuation of DC systems . ’ I  
[ 4 7 1  
The SCS will be integrated into the shipboard SWAN and 
provide a collated and fused knowledge of the overall operating 
environment/condition onboard the ship. A iist of the basic 
functions garnered from reference [ 4 7 ]  is appended below: 
Control the fire main and automatic valves. 
0 Controls the water mist system. 
0 Provides fire alarm and fire characterization 
in format ion. 
0 Provides video surveillance of compartments. 
0 Provides access closure information. 
0 Provides for the entry of information from verbal 
reports. 
0 Provides a simulated combat system interface with threat 
status information. 
0 Provides the ability to define operational priorities that 
would influence DC priorities. 
0 Provides displays to characterize damage. 
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9 Provides decision aids to assist with managing the DC 
response. 
There main DC control station is in the aft MER, located 
below the waterline in the main hull and longitudinally 
positioned between the side hulls. Two other smaller su~sidiary 
DC control substations will be positi~ned in the forward MER 
and the aft - 01 MER. Separated lon~itudinally and transversely on 
the ship, they provide multi-layered redundancy capability and 
ensure a high level of damage control readiness in all 
eventualities. Each control station will have the ability to 
override andlor s~pplement each other in the event of damage or 
failure. As the sh~~board LAM provides the ~edium for the 
exchange of damage control data, critical locations such as CIC 
and bridge will have workstations that are able to  oni it or and 
draw on the informati~n generated by the SCS. 
Future growth ca~abilities will include the ability to 
fused external threat environment data derived from shipboard 
sensors and CEC and integrate them into the inboard damage 
control readiness. This will allow the Sea Force to have pre- 
emptive capa~ilities in damage control. Concepts such as water 
based mitigation using atomized water mist systems can then be 
incorporated as an active antici~atory damage control system 
that gives the ship a "flinch" ca~ability in a ~ t i ~ i p ~ t i o n  f 
















Figure 56. Typical SCS Compartment 
Damage Display (Source reference [ 4 7 ]  ) 
3. Reduction in Manning 
During normal cruising stations, only the main DC station 
will be manned while in Condition Zebra, all three control 
stations will be manned to maintain the highest level of 
. readiness. The DC-ARM experiments onboard the USS Shadwell 
advocates 30% of the crew to be allocated for the DC 
organization structure [ 4 9 ] .  Extrapolating to the Sea Force, a 
DC-Arm organization consisting of 12 man team performing the 
daily monitoring via the SCS system and supplemented by ready 
damage control teams of 220 active shipboard personnel will be 
sufficient. The figure below is taken from a demonstration on 
the SCS architecture by ONR, it is a characteristic 
representation of the optimally manned damage control station 
and serves to reinforce the damagk control concept embrace by 
the Sea Force. 
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3. CBR Measures 
The ream decided in the early design phase that it will be 
~nfeasi~le and e x o r ~ ~ t a n t l ~  expensive to design the sea base 
ship to retain the full spectrum of operational capabilities if 
it was to operate in a CBR environment.   ow ever, the design will 
have no~inal CBR facilities to allow the ship to conduct reduced 
frequency air and surface operations in a CBR environme~t. The 
main C3R capa~ilities include: 
a. Air  rat^^^^ 
Sea Furce will have collective Protection system in 
Aircraft Elevators similar to last year's TSSE design. 
Both aft aircraft elevators will have a collection 
protection system and act as deconta~ination areas. Reduced 
flight operations can be sustained in a CBR environ~ent. 
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Figure 58. CBR Boundaries 
b. Surface Operations 
The area between the side hulls and main hull serve as 
ideal locations to implement a CBR containment area for surface 
LCU operations. Sprinklers will be located transversely forward 
and aft along the mid body connecting the side hull and main 
hull to form water curtains. The water curtains will form a 
continuous water shield to provide a simple and effective "safe" 
area. A total of four LCUs can operate in the safe area between 
the side hulls; however the ship will be constraint to almost 
stationary profile when the LCUs are between the side hulls. A 
similar system will be in placed at the transom end of the well 
deck. 
4 .  CONCLUSION 
The expanded use of technology and the integration of 
damage control readiness as a total system design of the ship 
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from the onset, ensures that the sea base ship is ~ighly 
survival and responsive to the eprer changing threats thrust upon 
the ship. By reducing the v~lnera~ility of the ship to damage or 
failures cause by intra or external factors, the ship will have 
improved and sustained war fight in^ capabilities while optimally 
manned. 
One of the greatest challenges for ~x~editionary o~erations is 1 
logistic support. More than likely, the nature of future 
expeditionary operations does not appear to reduce the logistic 
requirements* On the contrary, Expeditionary ~ a n e u v ~ r  Warfare 
~E~~ relies on both, agility at sea ~ U ~ F T ~ ~  and on the ground 
 ST^^^ . E~~ introduces two different logistic challenges. The 
need for swift maneuver and reconstitution of forces requires 
rapid and precise delivery of supplies. The reduction of the 
footprint ashore also decreases the need to protect supply lines 
making our forces leaner and maneuvera~le- 
The -second challenge is indefinite su~tainment. ~urrentl~, the 
Marine Corps relies on three Maritime Prepositions Squadrons 
~ ~ ~ S ~ ,  which provide equipment and supplies for 30 days. Each 
MPS is composed of 4 to 6 ships with no combat systems or self- 
defense capability. The ships require port f.acilities or a 
suitable location, and approximately 10 days to off load. The 
ships do not have selective on load or off load capa~ilities, 
meaning that the force might end up protect in^ supplies and 
equipment that are not required for a particular mission. 
The solution to the indefinite sustainment problem is to 
transfer all the tasks associated with this mission to Sea Base 
ships. These ships will have the ~ ~ p ~ b i l i t y  to interface with 
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Military Sealift Command (MSC) and commercial shipping. 
Selective on load and off load will allow them to take and 
transfer only the required equipment and supplies. The Sea Base 
ships will be a supply warehouse and a distribution hub, 
providing the forces ashore not only with supplies, but with 
other essential services such as maintenance for equipment and 
medical care for casualties. In summary, now more than ever, 
logistic support through Sea Basing will play an extremely 
important role in EMW, and the success of future operations will 
directly depend on how well we can adapt our current doctrines, 
how well we can implement new methods, and technology for 
logistic support. 
Volume 1 Surge Rate 
We<ht I ( f t 3 )  IST/Day) 






The logistic support requirements for the TSSE concspt 
design were based on the sustainment requirements for a Marine 
ommodi t y  
Expeditionary Brigade (MEB) found on CDR Kennedy’s thesis. [3]. 
Table 28 illustrates the daily requirements for provisions, 
ordnance, and fuel. Two supply rates, standard and surge are 
illustrated in the table. Surge rate was used to calculate the 
total weight and volume for a 30-day period. Table 29 
illustrates the final sustainment number for all commodities per 
ship. 
Std. Rate 
(ST/Dayl I . -- ,  I .- . . Days 
I 16500 I E E O O O O  I 687. 5 I 20t8i5 I l i O O O C  Ordnance I 30 I 550 
Total 19350 i i E 4 0 0 0  I 23455 1404000  I 
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Table 2 8 - Daily S~stain~ent Rates, ~ ~ i g h t ,  and V ~ l u ~ e  
for a ME3 (Source reference 133) 
C o ~ o d ~  ty 
~ e ~ g h t  per per Ship 
Pallets 
per ship 
Provisions 1 475 1 51200 
Ordnance 1 3436 1 184320 
Total 3913 235520 
Table 29.  eights and V o l u ~ ~ s  for 30 Days Sustai~ment 
per Ship 
To calculate the number of co~ta~ners of provisions and 
ordnance we also took CDR ~ ~ n n e d ~ ? , s  ap~roxi~atio~ that a 20'x 
8'x 8' standard container ~ T E U ~  loaded with pr~v~sion weights 
~pproxi~ately 12 tam, and that a TEU loaded with ordnance 
we~ghts approxi~ately 24 tons. To obtain the total ~ ~ ~ e r  of 
TEUs the weight fur provlsion~ was divided by 12, and the weight 
€or ordnance was divided by 24. The ~ ~ ~ e r  of TEU loaded with
provlsio~ and ordnance was calculated to be appruximately 40 and 
144 respectively. In addition, it was assumed that each TEU is 
loaded with 20 pallets. The number of provisi~n and ordnance 
pallets was deter~i~ed to be ~~~ and 2 3 ~ 0  respectively. Table 
30 su~arlzes the n u ~ e ~  of TEU, pallets, or a ~ o ~ i n a t i o n  of
both, required to be in stock per Concept Design to sustain a 
MEB f o r  30 days. 
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Table 30. Number of Pallets for 30 Days of Sustainment 
per Ship 
b. T r a n s f e r  R a t e  R e q u i r e m e n t  
To obtain the number of containers required in a day to 
replenish the supplies transferred ashore, the number of 
provision and ordnance containers was divided by 30. The 
approximate number of provision and ordnance containers needed 
to be transfer per day to the Sea Base ships was 2 provision and 
5 ordnance containers. Because ships of the Sea Base must 
sustain not only marines ashore, but their own crew, the 
required transfer rate was set to 15 TEUs a day. 
c .  me2 R e q u i r e m e n t s  
The required amount of fuel for the Ground Combat Element 
(GCE) to be carried by the Sea Base ships was taken from the 
Center for Naval Analysis (CNA) study Fuel Requirements and 
Alternative Distribution Approaches in an Expeditionary 
Environment. CNA determine that the amount of fuel required 
daily to sustain a MEB ashore was approximately 80,000 gallons 
[ 5 0 ] .  This quantity was multiplied by 30 to determine the 
amount of fuel required for 30 days. The amount of fuel 
required to be carried by each ship for 30 days sustainment was 
determine by dividing the 30 day sustainment figure among the 6 
ships. Table 34 summarizes fuel requirement needed t o  be 
carried by each ship. 
i74 
80,000 1,360 1 
Table 31. Fuel ~equirem~nts fo r  30 Days of S u s t a i n ~ ~ ~ t  
per Ship (GCE) 
The required amuunt of fuel for  the  viat ti on ~ o m b ~ t  Element 
~ A ~ E ~ ,  LCACs, and LCUs to be carried by the Sea Base ships was 
calculated using the burn rate for each t y p e  of craft, the 
n u ~ e r  of sorties required for both standard and surge  I 
sustain~ent rates,  and assu~ing 250 nautical mile range ~n~~ 
from the Sea 3ase to the objective f o r  aircraft, and 50 nm f r o m  
the Sea Base t o  the beach for watercraft. Table 35 ~ u ~ a r i z e s  
the fuel consu~ptlon for all aircraft, LCACs, and LCUs, and the 
amu~nt of fuel required to be carried by the Sea Forece. 
Table 32. Fuel ~ e ~ ~ i r e ~ e n ~ s  fo r  30 Days of S u ~ t a i n ~ ~ n t  
per Ship (ACE, LCAC, LCU) 
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. . .  . .  .. .. . .. . .- . 
2. Systems Description 
Following the requirements analysis, exploration of 
possible solutions took place. The transfer and logistics 
systems had' to be able to transfer and handle containerized, 
palletized and liquid supplies. The Sea Force has to be capable 
of interfacing with MSC and commercial shipping. The system has 
to be capable of selective on load and off load and interface as 
smoothly as possible with well deck and flight deck systems in 
order to facilitate the distribution of supplies to the forces 
ashore. All these tasks had to be satisfied while at the same 
time, considering reduces manning through automation, and 
minimum interference with other systems. 
The Sea Force trimaran hull form with its triple tram line 
allows for optimal logistics distribution via aerial means via 
the flight deck. An illustration of the inter ship and intra 
ship material handling modes are depicted in figure 59 and 60 
respectively. In order to maximize throughput and facilitate 
indefinite sustaintment, the primary modes for logistics 
transfer will be via VertRep and SurfRep 
a .  P r i m a r y  
' 0 Vertical Replenishment (VERTREP) : There are 16 
aircraft spots for airborne assets such as MV-22 and 
heavy lift helicopters to handle up to pallet size 
loads. 
Surface Replenishment (SURFREP) : There are two well 
deck spots and LCU ramp access between the hulls to 
support Surface Replenishment of larger TEUs and 
quadcon size loads using LCACs & L C U s .  
< 
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The Hybrid Linear Electric Drive system provides rapid 
intra-ship ~ o b ~ l i t y  of cargo loads up to 1 2 , ~ ~ ~  lbs. 
Motlon Co~pensated Cranes to provide ~ i f t - U n ~ ~ i € t - U f f  
capability for cont~ineri~ed TEU cargo. * 
Connected R e p ~ e ~ l s h ~ e ~ t  via high lines ~ C ~ ~ ~ E P ~  to 
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Figure 5 8 .  Schematic of the ~ n ~ ~ r / I ~ t r ~  
ship Material H a ~ d l i n ~  Concept on Sea 
Force. 
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/ wdDc$l Access to Well Beck 6 Side Rompsfur SuRep 
Figure 60. Intra Ship Cargo Handling Sea 
Transfer Systems and Interfaces 
Although the need for ship to ship transfers is minimize in 
the Sea Force operational concept as the primary means for inter 
ship transfer from the sea based ship to forces ashore (or vice 
versa) is through VertRep via air borne assets. It is envisaged 
that to function effectively as the logistics distribution and 
provide indefinite sustaintment, the ship will need to retain ' 
the capability to conduct strategic logistic interface with 
commercial compatible sea base replenishment platforms or legacy 
support ships from CONUS. 
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Several systems were considered in order to ~aximize 
thr~ugh~ut and redun~ancy the ship, and it was deter~ined that 
the design should preserve the ability to ~ o n d u c ~  Connected 
~eplenish~ent using high lines ~ ~ O ~ ~ € P ~  or via the ship's ~otion 
co~pensated crane which is integrated into the warehouse. The 
 andl ling of liquid cargo will be via dedicated the two refueling 
positions located on both port and starboard sides of the ship, 
The following para~ra~hs describe in more detail each one of the 
transfer and storage systems used in the Sea Force. Figure 58 
illustrates a schematic of the different methods used to 
1_ 
transfer cargo to and from the Sea Force and Figure 60 
illustrates the different intra ship transfer ~ e t ~ ~ d s  to enhance 
t h e  efficiency of material hand~in~ within the ship, 
2 
SL 
in ONR has the capacity to handle up to 1 2 , ~ ~ ~  lbs weight and 
provides s i g ~ i € i c ~ n ~  i ~ r o v e ~ e n t ~  in cargo move men^- It is 
Figure 61. Hybrid Linear Electric Drive 
The Hybrid Linear Electric drive currently under research 
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mounted along the port side of the main hull and improves 
integration ability since it adheres to the contour of the hull 
and optimizes the available space for other usage. In the Sea 
Force design, the Linear Electric drive system will provide 
rapid access through the hangar bay to the LCU ports and 
aircraft elevators for loading and unloading. Based on ONR’s  
projection, increased throughput speed, up to 30 % workload 
reduction; 20 % weight reduction and 20 % power consumption 
reduction over current systems are potential benefits that can 
be accrued with the use of the Linear Electric Drive system 
because of the ability to handle larger loads and in reducing ’ 
the workload due to robotics & automation. 
d. Motion Compensated Crane System 
A prototype of a motion compensated crane for the Mobile 
Offshore Base (MOB) has been developed by Scandia National 
Laboratory and Carderock. . The crane will provide Lift On/Lift 
Off (LO/LO) capability for transfer of cargo. In the. normal mode 
of operations, the motion compensated crane is extended 
transversely from the warehouse and is expected to handle 
standard container loads up to sea state 4 with an estimated 
throughput expected to at 30 TEUs per hour. It is envisaged that 
the frequency of flight operations will be higher compared to 
the frequency of alongside transfer of cargo, hence a key factor 
in the deciding the crane system is the level of intrusion into 
the airspace above the flight deck. The chosen crane is a 
smaller version of MOB’S crane, and has minimal impact on flight 
operations as it can be recess into the warehouse deck and in 
3 
its normal mode, will only operate in the vertical space below 
the flight deck as shown in Figures 62 and 63. 
180 
Figure 62. TOP view of Cargo Crane 
stowage into the wareho~se (Source 
1511 1 
Figure 63. S ~ h ~ m a ~ i c  s de view of Cargo 
Crane Stowage into the w ~ r ~ h o u ~ e  
~ A d ~ ~ t ~ d  from source 151j) 
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The crane will have the ability to unload cargo from 
merchant/CLF ships and handle up to 23 LT load (up to maximum 
TEU loads) from the far beam of the supply ship. It traverses 
longitudinally along rails(200 ft) that runs below the deck edge 
through the warehouse and into part of the Hangar to allow 
maximum longitudinal access of the cargo hold of the supply 
ship. In the non-standard mode the crane boom can be luffed or 
hinged so that it can be raised up to a maximum of 70" when 
supply ships are docking next to the fender. 
A higher hook will allow for the crane to handle higher 
shipboard stacking of containers height. However, it is deemed 
that the loss in flight deck space imposes a higher penalty on 
operational efficient than a lower hook height. The maximum 
water line to hook height is approximately 60ft (19.8m) based on 
a design waterline of 40 ft draft. This will only allow 
retiieval of containers that are stacked one high from most 
commercial type ships. The crane will need to be luffed to reach 
higher stack heights incurring a drastic reduction in lift speed 
and reach of the crane. On the supply variant of the Sea Force 
there is an alternate option of placing a modularized crane on a 
pedestal mounted on the flight deck. This will resolve the issue 
of low hook height but at a penalty of flight deck spots. 
Existing crane capabilities typically operate at one lift 
(TEUIevery 7 minutes. The estimated throughput of the crane is 
expected to be in the region of 29 TEUs per hour3, and with 
motion compensation the crane will be able perform to its stated 
specifications up to sea state 4. 
3. Warehousing 
The allocation of volume for the warehouse facilities was 
influenced by several factors. The warehousing system had to be 
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modularized in order to facilitate selective offload, and there 
was a need to leverage on auto~ation in order to reduce manning. 
The location of the warehouse had to be close or easily 
accessible to the flight deck since expedit~~us in-stride 
sustaiment will be most efficiently distributed via aerial 
repl en i shrnent ~ V E R ~ ~ E P  1 . In addition, the location of the 
warehouse had to facilitate the transfer of containers via crane 
and provide easy access to the Hangar Bay, well deck and LCU 
ports. With these considerations in mind, the location of the 
warehouse was positioned on the main deck, just forward of the 
hangar bay. The allocated area for the warehouse is a 
rectangular shape comp~rt~ent with a width of 90 feet, a length 
of 305 feet, and a height of 35 feet. The total wareho~se 
volume is ~~~,~~~ ft3. 
Figure 64. Presents a proposed layout of 
the warehouse area. 
For the warehouse, the prudent use of a ~ t ~ m a t i o ~  enhances the 
efficiency logistical support and allows selective off load in^. 
An electronic gantry is located acruss the stowage area, where 
all cargo will be electronically scanned prior to entry into the 
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warehouse. Once inside the warehouse, the two overhead cranes 
have access to any point in the warehouse. The center transit 
lane is 10 ft wide and allows automated access by omni 
directional vehicles and forklifts which moves the cargo from 
the staging/processing area to storage or the Linear electric 
drive transporters. 
1 
Since access to the supplies is through the overhead cranes, 
the key for selective off load would be to segregate each type 
of supplies so that one section would be of a particular 
material. This is facilitated by means of electronic tagging of 
each TEU and Quadcon upon entry into the warehouse. Drawn from 
research done by the Science Applications International 
Corporation, a basic passive electronic tagging system(RF1D) 
consists of installed transponder tags and a reader system as 
depicted in Figure 65. 
I 
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Figure 65. Figure V-G-7 RFID Electronic 
Tagging systems 
Once the cargo is onboard the ship, through either mode of 
transfer, the ship layout has been arrange to allow for multiple 
unfettered access from the entry point to its intended storage 
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locations in the hangar, a~unitlon ~agazi~e, wareho~se staging 
area or the well deck as shown in Figure 66. 
Figure 6 6 .  Internal arang~ents of the 
Main Logistic hardware 
In order to perform the myriad logistical req~ire~ents 
de~anded of a sea basing ship, the auto~ated system ~~pluyed 
onboard the ship must integrate the various logistic hardware, 
cargo stowage and handlin~ systems. The system must provide a 
unifying solution to a~tomate and  oni it or a l l  the intra ship 
logistic €~nctions such as planning~ process, ~uordination and 
task as~ign~ents. The a~to~atiun algorith~ should s ~ ~ p o r t  all 
internal cargo m~vements from the deck edge, wet well or flight 
deck to the intended storage location €or  reissue and retrograde 
handli~g. In a reduce manning environ~ent onboard the Sea Force, 
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a large part of the material handling systems will be process 
and moved by autonomous omni-directional vehicles, the 
automation system must coordinate the vehicle paths and direct 
vehicles and loads to the intended locations to ensure that 
optimal use of cargo handling resources onboard. The "Unified 
Control Solution [ 5 3 ] "  currently under research by Orbital Inc 
for NAVSEA, is a potential candidate for implementation onboard 
the Sea Force. The Unifying Control Solution by ORBITAL Inc. is 
a culmination of four software algorithms describe below. 
O r b i t a l  Research I n t e l l i g e n t  Control Algor i thm (ORICA) is an 
adaptive predictive controller software package that addresses 
the limitations of modeling complex multiple input multiple ' 
output (MIMO) systems by precise mathematical relationships. 
From explicitly or implicitly base estimation of the parameters 
describing the model of the discre'ie time system, control laws 
are derived using adaptive predictive controllers and 
implemented in the over-arching logistic system. 
Mu1 t i - R e s o l u t i o n  Path  Planning S y s t e m  (MAPPER) provides path 
planning guidance to the multi autonomous vehicles operations 
found onboard the Sea Force's warehouse, magazines and Hangar 
bay. The system allows path guidance when "explicit 
configuration space computation is not feasible [ 5 3 ] "  
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Figure 6 7 -  ~ P P ~ ~  motion plan for 
vehicle in 2D wor~space. Vehicle 
mov~~ents a h  co~ined to plot a course 
around the obstacle and into the goal 
space - 
~ i u A ~ ~ ~  ~ ~ i u ~ u g ~ ~ a ~ ~ y  re^ A ~ u ~ ~ a ~ c e  ~ y ~ t e ~ ~  Multi 
vehicle operations within the dyna~ic environment onboard the 
Sea Force requires each vehicle to have an enhanced sensory 
perception and ~nowl~dge of its surroundi~gs and other vehicles, 
Collision avoidance becomes a~solutely critical. Orbital has I 
modeled its collision al~orlth~ by “~apping of the neural 
circuit gover~i~g an insect’s predatory escape response’”. 
~ e r g e ~ t  ~ e ~ ~ v ~ ~ ~ - ~ ~ ~  ~ ~ t e ~ ~ g ~ ~ ~ e  handles the courdination 
and tasking of multlple vehicle based on the concept of simple 
rule based c o ~ a n d s  rooted on the emerging behavior of 
decentralized intelligent objects operating in a d y n ~ ~ i c  
chang~ng environment. 
The intra ship logistical autu~atiun provided by Orbital‘s 
~nifying Control Solution algorithm would influence positively 
the ability to tap into the network based joint logistics 
information system. Sea basing necessitates that the intra ship 
system must interface and share the same inf~rmati~n systems as 
Joint Theater ~istribution. In order to allow in stride 
sustain~ent to forces ashore, the ship to force logistic system 
will need to be fully integrated with the Global ~ o ~ a t   upp port 
System ~ ~ C S S ~  to facilitate timely and efficient distri~utiun of 
logistics throu~h focused m a n ~ ~ e ~ e n t  and demand re~u~tion. An 
extens~~n to the intra ship system required to interact with the 
external GCSS can be modeled after Tloads/Cloa~s 161 w h ~ ~ h  
conducts discrete event” simulations to analyze the 
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effectiveness of the sea force in performing and execution of 
the functions of a sea base distribution and logistics hub to 
support the MEB ashore. An illustration of the graphical output 
derived from Tloads/Cloads is shown below in Figure 68. 
Figure 68. Illustration of Tloads/CLoads 
Simulation Display (Source [ 5 4 ] )  
5. Indefinite Sustainment 
In order to facilitate indefinite sustainment of the forces 
ashore, the Sea force will .need to have these fundamental 
capabilities; 
1. Comprehensive situational, knowledge on intra and 
inter ship logistics and awareness of real time battle 
space logistical demands. 
2. Facilities to accommodate/track/store the inflow of 
logistics support from a variety of sources like and 
efficient distribution means to deliver to the end- 
user pre-emotively or on demand. 
From the onset, a key factor of Sea Force design has been 
the need to serve as the conduit for logistic storage and 
distribution to achieve indefinite sustainment. The Sea Force 
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C41 facilities are intricately plug into network centric warfare 
and the Force Net as elaborated in the Chapter on ~ o ~ a t  
Systems. This allows Sea Force to have comprehensive battlespace 
awareness of the logistic levels and end-user demands can be 
routed to and monitored by Sea Force. 
The triple tram-line permits 16 aircraft spots and 
simultaneous STUVL and rotary wing operatiuns. ~ i t h  increasing 
payload and endurance offered by future heavy lift rotary 
aircraft, aerial delivery will remain a predominant factor in 
the ability for the sea base to ensure enduring sustainment for 
the ground forces ashore. It is envision that aerial delivery 
will provide the most expeditious means for logistic 
distribution. The ship also has the ability to acco~odate 
simultaneous LCAC and LCU operations in the well deck and side 
ramps between the hulls in calm e~vironmental conditions, thus 
~n&reasing the logistic thruugh~ut ashore. Even thuugh in the 
Sea Force operational concept, a supply variant. of the Sea Force 
provides direct s~stainmen~ to the MEB beyond the first thirty 
days, all Sea Force variants will have the ability to interface 
with legacy and CLF ships giving the Sea Force the added niche 
in ~ain~aining indefinite sustainment and contri~uting to the 





H. ~~~~ ~~~~~~ 
The team iden~ified three major areas that will have the 
greatest influence on the overall m ~ n n i n ~  re~uirements of the 
ship, namely General Quarters re~uirements for watch stations, 
maintenance re~uirements and logistics operations requirements. 




.- . . . .- . . . 
1.General Quarters 
General Quarters requirement for watch station was determined 
through an analysis of the functionalities required of the ship 
in support of the demanding STOM operations, and consequently 
determined the minimum number of watch stations required to 
provide both efficient and effective support of the STOM 
operations. The minimum number chosen for the watch stations , 
was also influence by the assumption that significant automation 
will be available by the year 2020 to enable reduced manning. 
In example, the watchkeeper at the machinery control room is 
provided with a Multi-Modal Watch Station (MMWS) [ 5 7 ]  which 
provides real time condition monitoring of all machinery in the 
propulsion compartment with CCTV located at strategic locations 
to enable him to virtually walk through the spaces and in 
addition zoom in on areas that his naked eyes may be lacking. 
The MMWS would allow machinery to be started/shut-down or valves 
to be open/close remotely, alarms warnings on potential problems 
to be flagged with intelligent diagnostics advise that prompts 
the watchkeeper on the necessary actions to take. These are all 
within his fingertips. The watchkeeper will only activate the 
maintenance crew on standby if manual intervention is required. 
2. Maintenance 
Maintenance requirement includes determining the manning 
required for shipboard level maintenance, and for the operation 
of BFIMA. For shipboard level mzintenance, it is envisage that 
low maintenance designs will be incorporated in the areas of 
The flight deck, DC and engineering for reduced manning. 
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building blocks of this design include ~onditi~ned based 
maintenance ~~3~~ that reduces the need for  Inspect and Test 
functluns which account for 75% of PMS tasks, Integrated 
Electric Drive that elim~nates the need for shaft seals and 
I 
bearings between compartments, Pod drives that has an external 
motor asse~ly that is easy to remove and uses geared electric 
motors rather than hydraulics to rotate steerable pods, Power 
Electronic building blocks that enable standardi~ed, ~ o d ~ l a r  
assembly of m~lti-function power mod~les and cuntrols, and a 
ship wide area network for a~tomated identificat~on ~echnology 
in life-cycle and configurat~on management and co~~onent 
tracking i.583. In addition, it shall be planned such that 
routine visits by tiger teams from the navy and MSC teams will 
perform the bulk of ~aintenance requirement^. 
I 
3 .  Logistics 
Logistics operations requir~ment includes selective off- 
loa~/on-load of vehicles, general  stores and ordnance, food 
service, and medical care for MEB forces ashore. Auto~atiun 
technolugy in the area of materiel handling will be ~mplement~d 
to enable selective off-l~ad/on-luad capability and at the same 
time reduce the mannin~ requirements fur such uperatio~s. 
~eduction in m ~ ~ n i n g  for food service can be reduced ~hrough 
Advance food technologies that require less preparation and 
cooking times than "cook from scratch" products. New efficient 
constructio~ food service operations will also enable  minima^ 
manning, such as clustered storerooms that provide for faster 
and more efficient breakout of stores, ce~tra~izing the food 
service operation in one area on the ship also reduces workload 
by collocating the general mess, CPO and ~ardroom galley, and 
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placing the bakery and scullery in close proximity to this 
centralized galley also reduces manpower requirements [ 5 9 ] .  
Perhaps the most significant reduction in manning is in the 
area of damage control. On the one hand the ship will be 
benefit from the current technological pushe such as the Damage 
Control Automation for Reduced Manning (DC-ARM) program and the 
Advanced Damage Countermeasures (ADC) program. Based on the 
success of these programs, it is anticipated that by the year 
2020 there will be an intelligent Supervisory Control System 
( S C S )  with capabilities such as real-time damage assessment, 
quick automated response to isolate damage, automated stability 
monitoring with remote ballasting control, advanced diagnostic 
recommending best course of actions to the DCA, and additionally 
interfaces with SWAN to enable anticipatory responses to 
imminent missile hit. On the other hand the ship DC party will 
be a secondary role that will be assumed by maintenhnce and deck 
personnel. 
I. COST ANALYSIS 
SEA Force's acquisition cost was based on a weight scaled 
model similar to that employed in the 2001 TSSE SEA ARCHER study 
0. This model used CERs from the S-CVX study conducted in 1998 
[ 6 0 ] .  The Sea Force model incorporates non-traditional weight 
fractions, high cost for specialized equipment required to meet 
the ship's missions, and one time costs for Government Furnished 
Equipment (GFE) that is presently under development. cost 
estimates for SEA ARCHER'S specialized equipment included in the 
cost model are summarized in Appendix F. 
The acquisition cost for Sea Force is estimated at $3.54 
billion and its accompanying airwing cost is $1.665 billion. 
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This is nearly two times the predicted cost of LHD-8 ($1.8 
 billion^. If the cost estimate were simply based on the weight, 
neglecting the specialized materials and systems and non- 
standard weight fractions, Sea Force would be a fraction of the 
cost. Cost was drive; by several factors including hull and 
structural req~ire~ents~ combat systems, c o ~ a n d  and control 
systems apd a~tomation. Cost was given one of the luwest 
priorities in our design philosoph~ to allow for maximum 
exploration of new technologies. 
Sea Force contains some innovations precluding a simple 
comp~rison to current ships whose primary mission is ~ p h i b i o u ~  
Warfare. First, in an effort to reduce ~anning, automation was 
included in the design wherever feasible. A significant effort 
was given to automation of the aircraft hand~in~, weapons 
handling, cargo hand~ing and damage control functions of the 
ship. These are ~raditionally manpower intensive operations. 
A~tom~tion costs include overhead cranes and conveyers? 
elevators and the software required to manage the warehousing, 
a~unition handling, and flight deck capabilities. The cost of 
the software required to achieve this automation was estimated 
to be 75 percent as much as the cost of the hardware. 
The single biggest cost-driver in the Sea Force design was 
hull from, though n o t  far behind was the combat systems suite. 
The require~ent to achieve S~OM, support and carry an entire 
MEB’s worth of equipment? and to sustain in a sea base 
environment fur a minimum of 30 days drove a non-convention~l 
hull form and structural require~ents that resulted incredible 
added weight and cost. A thirty percent increase in hull 
constructiun was applied to account for the tri-hull design. 
With little raw data available in the area of tri-hull 
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construction, the design team could only provide a rough 
estimate of the cost. 
Sea Force's combat system and weapons suites are more 
robust than those on a present day LHD. The intent of a 
potential "overdesign" in this area was to ensure the 
requirements were met for the ship's offensive and defensive 
capabilities and to explore the feasibility of incorporating 
this combination of new technology. A s  seen in the 
weapons/sensors section of this report, some of Sea Force's 
sensor and weapons systems include a digital array/volume search 
radar, an advanced electronic warfare suite, an infra-red search 
and track system and electro-optical system, NULKA launchers, 
SEA RAM, free-electron laser, and rail gun. The combat systems 
and weapons suites have secondary cost impacts in that they 
require a significant amount of energy and first time 
integrati'on cost, both of which drive up cost. This energy 
demand forced a design with more power generation and a higher 
electric plant cost. Integration was estimated to run between 
$200-$300 million. 
J. HABITABILITY 
1. Berthing Facilities 
A habitability analysis based on the Shipboard Habitability 
Design Criteria Manual [ 6 1 & 6 2 ]  was conducted for the berthing 
requirements of the ships crew and embarked troops. This 
analysis serves as the initial estimate of the berthing space 
requirement that is necessary for estimating the volumetric 
requirements of the ship as well as the internal layout. More 
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in depth analyses would be conducted on subsequent iterations of 
the design. 
In this initial analysis, every Sea Force ship is 
configured to support the ~ ~ T F  ~ u ~ a n d e r -  In ~ddition, the 
ship is also configured to support a Flag Officer and the 
associated supporting staffs. The ac~o~odatiun for the Flag 
Officer will serve as the acco~odation for the JTF ~ o ~ a n d e r  
and hislher staffs should the need arise. Senior Officers in 
this respect are of the rank 0-5  and above, while CPO's are 
those with rank E-7 and above. The ~erthlng space all~catiun 
per person is based on the space required for the bunks, the 
n ~ ~ e r  of tier per bunk, the necessary separation between bunks 
and stowage requirements- Senior officers and above are 
ac~o~odated in single tier bunk while junior officers and Ship 
CPO are acco~odated in double tier bunks- Ship Enlisted and 
Troop CPO are acco~odated in three tier bunks, while Troop 
Enlisted are acco~odated in four tier bunks. For officers, the 
berth in^ space allocation includes addit~onal space fur 
unobstructed walking and wurking requirements. The ~reakdown of 
the ~ e r t h i n ~  space allocation is tabulated in Table 36. 
In order to achieve space savings and to augment 
modularity, berthing spaces are designed to be in standard 
modules. These modules would facilitate modular con~tru~tion 
and enhance conversion of troops berthing modules to other 
useful spaces. The n u ~ e r  of personnel group into each 
acco~odation module was based on what the team felt to be 
reasonable and at the same produce modules of sufficiently large 
size to generate the advantages of mo~ularit~. Sanitary space 
entitle~ent was then added to each module based on the n u ~ e r  of 
personnel in each module and their ranks. Fur CPO and Enlisted 
personnel, lounge space was included into each module to enhance 
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GTF Commander 
Senior Officer - Troop . Junior Officer - Troop 
CPO - Troop 
nlisted - Troop 
IFlag Off icer  
Senior Officer - Flag 
Junior Off icer  - Flag 
PO - Flag staff 
nlisted - Flag s t a f f  
I 
632 1 16.6 
138.1 
270 I 23.6 
1 
2459 1 4 . 7  
1 138.1 
1 
10 1 108.1 
10 I 58.4 
Table 33. Berthing space allocation. 
the quality of life within each module. The breakdown of 
space allocated per module is as tabulated in Table 37. 








Table 3 4 .  ~ o d u l e  space a l loca t ion .  
2 .  M e d i c a l  Facility and H o s p i t a l  
The Navy provides second echelon a f l o a t  care  on either 
a ~ p h i ~ i o u s  t ranspor t  ships  or a i r c r a f t  c a r r i e r s .  I n  each 
a ~ p h i b i u u s  task  force,  usual ly  a t  l e a s t  one ~ ~ ~ h i b i o u s  sh ip  i s  
d e s i g n a t ~ d  t o  provide t h e  second echelon care .  These ships  can 
197 
have up to six operating rooms and can hold between 200 and 600 
patients. These are usually bunks that were previously occupied 
by the troops before the assault [ 6 3 ] .  Sea Force ships however 
will have dedicated medical facilities and hospital to sustain 
the MEB ashore indefinitely. In this respect, the Sea Force 
ships will be configured to provide third echelon afloat care 
that is currently performed by dedicated Hospital Ships. Each 
Sea Force ship will have a dedicated hospital with a capacity of 
500 beds (80 intensive care, 20 recovery, 280 intermediate care, 
120  light care). The medical facilities include six operating 
rooms, two dental operating rooms, and a pharmacy. 
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As stated in the  introduction^ the objectives for the 
design team were to develop a ship or family of ships that 
incorporate numerous cap~bilities not inherent in our current 
expeditionary forces: STOM, indefinite sustainment, selective 
offload, re~onsti~u~ion of forces ashore, long range Naval 
Surface Fire Support ~ ~ S F S ~  , and an increased capability in 
c o ~ a ~ d  an  control. These objectives combine to mlnimize the 
Marine footprint ashore and are accomplished via throughput, 
responsivenessr storage capacity, and flexi~ility~ One of the 
major challenges associated with a Sea Based operation involves 
getting the replenishment from a forward logistics site (FLS) to 
the sea base for greater than 30 day sustainment- The FLSs 
currently in use are Diego Garcia, Roda, and Guam from which the 
three major M~ritl~e Prepositioning Force squadrons operate. 
Any of the MFP ships can reach a conflict within seven to ten 
days from these sites.   ow ever, the present day MPF ships do 
not carry the Marines and their equipment. A friendly air base 
near the port or area of conflict is required to bring them 
together. Presently, securing a port or beach requires a 
permissive and benign environment. The complexity, instability 
and uncertainty associated with securing foreign ports in 
today's constantly changin~ environment drives the need for a 
sea based solution. 
One example of the potential problems associated with 
securing a friendly port is offered in figure below. A photo of 
part of the offloaded e ~ ~ i p ~ e n t  from the First Marine 
Expeditionary Force (I MEF~ just prior to the start of  erati ti^^ 
Desert Storm in February 1991 is shown in Figure 69. The pier 
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pictured in this figure was targeted by an Iraqi scud missile. 
Fortunately, the missile missed by about one mile. A ship 
underway, at sea, over the horizon is harder to target than a 
stationary pier. With a very small selection of overseas ports 
(11% for LMSR type ships), however, it is imperative to find an 
alternative solution. 
Figure 69. Fist Marine Expeditionary 
Force Equipment Offload [ 6 4 ]  
The vision for Sea Force is to incorporate the MPF concept 
with that of a present day Amphibious Ready Group (ARG) or Naval 
Expeditionary Strike Group (NESG) in order to build a platform 
that has the power to support the spectra of conflict for the 
USMC and Joint forces in the following symmetrical and 
asymmetrical threat areas: terrorism, peacekeeping, refugee 
management, non-combatant evacuation operations, amphibious 
assault and sustained operations ashore, amphibious raid, peace 
enforcement, disaster relief, and consequence management. The 
Sea Force concept utilizes one ship as the big deck platform in 
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an MESG once the LHD and LHA class ships are phased out of 
co~ission. Sea Force will operate with one legacy plat fur^ 
~ L P ~ - l ~ ~  to form an ~ R G ~ ~ E S e .  Figure 70 shows a comparison of 
the legacy platfor~s in the fleet and their predicted 
deco~~ssioning periods, 
Figure 70. Legacy Ship D e ~ ~ ~ i s s i o n i n g  
Ti~eline 
LSDs can be maintained in the trad~tio~al ARG with LHAs 
until both reach the end of their predicted lifetime (around the 
year 2 ~ 3 ~ ~ .  The increased capabilities of the LHD class allow 
it to operate with only one or two ad~itional ships to support a 
MEU vice the two to three that and LHA needs. A two ship ARG 
could thus be achieved with and LHD and one of the new LPD-17 
class ships. In support of typical force structure and 
d e p l o ~ e ~ t  cycle operations, the Sea Force can deploy with an 
NESG.   hen larger conflicts arise that require sustained sea 
base operations, one or more Sea Force NESGs can fully resupply 
and drive towards the A ~ ~ .  Addition~l Sea Force ships that are 
~reposltioned in FLS sites can merry with the required ~ a r l ~ e ~  
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and drive to meet the NESGs on station. The complexity arises 
when trying to merry the Marines with the ships, as there are a 
large number of Marines to transport. One solution to this 
problem is the HSV. 
I 
The final loop in this concept is achieved when Sea Force 
ships configured for supply and sustainment arrive on station 
beyond the initial 30 day sustainment window. With a modular 
design, approximately 5.7 million cubic feet of space can be 
converted for cargo, pallets, ammunition and liquid stores. 
This supply configuration Sea Force ship would retain many of 1 
the capabilities required to be part of the sea base in the 
areas of command and control, well deck, and flight deck. Thus, 
the ships on station can lift on and lift off supplies, perform 
STOM, and resupply each other directly from the supply 
configuration ship. If required, however, MSC ships can be 
incorporated into the sea base. Sea Force is capable of ship to 
ship transfer with the MSC ships, although the project was 
designed to minimize this activity. 
As per the SEI Strategy Paper (dated 02AUG02), the 
following key issues are assumed to be standard operation for 
the Sea Force design: 
0 Legacy platforms projected to remain operational 
0 All Marine new aircraft and land vehicle purchases 
through this timeframe are not retired early. 
currently projected to be available in this timeframe 
are fielded on schedule. 
0 A MEB sized MAGTF's sustainment requirement remains 
0 A MEB sized expeditionary forcible entry operation 
relatively constant between the present and 2015-2020: 
will not take place without the support of at least 
one CVBG. 
0 Future Amphibious Readiness Groups (ARG) deploy as 
Expeditionary Strike Groups with surface combatant 
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escorts as envisioned in the ~ ~ U , s  Sea Power 21 
oper~tional concept. 
follows: 
The first wave of launches takes place from the decks of the Sea 
Force ship consisting of the prepondera~&e of transport or heavy 
lift helicopters and MV-22s. These platfor~s will always 
operate under air cover from the fixed-wing Carrier Strike Group 
fighter and escort aircraft and insert rifle com~anies and their 
respective weapons platoons. Before the first waves launches, 
fully loaded attack helicopters will be positioned in order to 
The design team envisioneA a typical mission as 
mass the most combat power at the decisive time and place. The 1 
triple-tram design of Sea Force permits this mass of combat 
power. Simultaneously, the first wave of water transport craft 
launches for posi~ioning of LAR, Tank, and ~eapons co~pan~es 
ashore. ~ V s  may also launch from the stern ramp allowing 
rapid clssure of a second-echelon waterborne force, 
B. ~ ~ ~ U T  ARD P L ~ ~ ~ T  
Six Sea Force ships shall have the capability to transport 
the notional Marine Expeditionary Brigade ~ ~ E B ~ ,  defined in 
Chapter 11, and its associated weapons and e ~ ~ i ~ m e ~ t  to the 
theatre of operations and enable the MEB to perform Ship-to- 
objective maneuver ~~~0~~ [GI. In addition, the six Sea Force 
ships will carry sufficient provisions and ordnance to sustain 
the ME3 ashore for 30 days and will have throu~hput ability for 
indefinite sustain~ent. These re~uirements are evenly 
distributed among the six Sea Force ships such that each ship is 
able to have the full spectru~ of capabilities required for one- 
sixth of the ME3 force, with 30 days initial sustainment, and 
indefinite throu~hput ability. The load-out for each Sea Force 
ship was thereafter d ~ ~ e r m i ~ e d .  The total payload of each ship 
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is 17,848 long tons taking up a volume of 4,309,954 cubit feet. 
For a full listing of all MEB equipment read Appendix G. 
Number WeightFootprint Volume 
(W (ft2) ( ft31 
LAV 4 51 741 12,147 
W V  19 601 8,824 185,310 
MlAl 10 604 3,840 72,960 
HMMWV (TOW) 12 29 1,274 15,293 
M198 Row 5 35 1,855 35,243 
Sub-Total 1,321 16,534 320 , 953 
A 
Table 35. Major Weapons Load-Out of Each Sea Force 
S h i p  
(Armed HMMWV 
~LVS Power Unit 
IHMMWV 





Table 36. MT/Communications Equipment Load-Out of Each 
Sea Force Ship 
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Table 3 7 .  CSS E ~ ~ ~ p ~ ~ ~ ~  L o a ~ - ~ ~ t  of E a c h  Sea Force 
Ship  
T a b l e  3 8 .  Sea T r a ~ s ~ o r t  Assets L o a d- O u t  of E a c h  Sea 
Force Ship 
Number Weigh ootprint , Volume 
(LT 1 3 f t 2 1  (5t3) 




Provisions 130 days 424 
Volume 
( ft3 1 
50,667 _ _ _  ~ 
Ordnance 
Fuel - GCE 
d 
30 days 3,069 183,333 
30 days 1,236 53,472 
Table 40. Stores Load-Out of Each Sea Force Ship 
Fuel - ACE 130 days1 3,8831 
I The notional MEB force a l s o  includes the Expeditionary 
Airfield (EAF) , Field Hospital, and Mobile Construction 
Battalion (23 that may not be readily deployed for STOM [6] 
operations. Nevertheless these assets might be required in 
operations that call for the employment of a Marine 
Expeditionary Force or joint and/or combined assets. It was 
therefore decided to load these equipments on the supply variant 
of Sea Force. The load-out for the supply variant will vary 
according to mission needs. For more information on the supply 
variant load out read the chapter on modularity. 
170,550 
C. TIMELINE AND KEY ASSUMPTIONS 
Sub-Total 8 , 613 
The Sea Force ship design will have the ability to build, 
project, and sustain combat power ashore. A MEB-sized force 
will be comprised of six ships. The force will be scalable to 
the type of operations. Two Sea Force ships will provide all 
the equipment, personnel, and support for a MEU-sized force for 
up to 30 days. The Sea Force ship can also be employed as an 
alternative to the LHA(R). In this manner, the Conceptual 
architecture would employ the Sea Force ship with legacy 
458 , 022 
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amphib~ous assault ship assets in the Naval ~xpeditionary Strike 
I Groups ~ ~ E ~ ~ s ~ .  
The TSSE ship design features a highly auto~ated logistics 
re~uisiti~n and distri~ution management system that reduces 
human input, accelerates materiel ~ovement~ and reduces costs. 
The ship's warehousing capabiliti~s include storage for over 
3 2 ~ ~ ~ ~ ~  ft of provis~ons, a~unitionf and spare parts. 
Selective on-load and off-load will allow the Sea Base to reduce 
inventories and provide for faster retrieval and delivery of 
supplies. This feature, cu~ined with the highly a~t~mated , 
nature of "just in time" logistics, will allow a manag~ment by 
exception approach. ~nhanced ~ ~ o w l e d g ~  of in-transit 
i~ventories throu~h total asset visibility will refine 
allocation of transportation resources, i~prove item 
availability and increase velocity of materiel movement through 
the system. 
Using Sea-Based Logistics as the primary design ~hilosophy, 
the ship will provide an integrated over the ~ u r i ~ o n  floating 
distribution center and workshop providing indefinite 
sustain~ent~ ~edu~ing or ~limina~ing the logistics foot~rint on 
shore is the primary objective of Sea-Based Logistics. ~ed~clng 
the logistics foo~prlnt ashore will reduce double handling of 
materiel by cutting out the i~ter~edi~te step of establish in^ 
shore-based logistics activities and ~liminating the operatio~al 
pause associated with that effort. Each of the TSSE design 
ships will have 16 helicopter spots, maximizing air op~rations 
and assets, Throu~h massive airlift, forces ashore will not be 
required to protect logistics bases and extensive interior lines 
of co~~nication. This will allow greater uperational 
initiative and ~ a ~ e u v e r  freedom. Each of the Sea Force ships 
will be able to carry and operate 4 LCACs and 2 L ~ U ~ ~ ~  that 
will provide transport, for land mobile combat service support 
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forces, will discharge logistics trains that will operate with 
maneuver forces, allowing lines of communication to close behind 
them. Replenishment of bulk fuel, water and supplies will be 
accomplished vertically or via surface transport on reopened 
ground supply routes. Caches of logistics support items will be 
established at selected locations for rendezvous with maneuver 
forces. Forward arming and refueling points (FARPs) will be 
established through aerial delivery or by mobile ground units 
deployed ashore. 
Sea Basing maintenance for aviation assets, ground combat 
equipment, and the NESG will be provided in order to maintain 
high op-tempo for extended periods and the ability to 
reconstitute equipment after an operation has been completed. 
Other special functions such as logistics-over-the-shore 
systems, medical support, and specialized sustainment will be 
integrated as required. The TSSE design also features 
modularity and a growth margin that will enable it to interface 
with future platforms as they are designed and fielded. 
Shuttles with strategic and inter-theater lift and 
worldwide commercial distribution systems will provide 
indefinite sustainment. The Sea Base ships will be able to 
transfer standard 20 ft containers, unpack, and store the 
supplies. The Sea Base will essentially serve as a primary 
distribution center with the capability to transship cargo from 
containers and distribute ready-for-issue materiel to forces 
ashore. While the principal focus of Sea-Based Logistics is 
sustainment of operating forces, facilitating the build-up of 
combat power ashore is well within its capability. As missions 
expand, Sea-Based Logistics can support the closure of joint and 
coalition forces arriving in theater. As littoral operations 
enter new phases, Navy and Marine Corps Forces will have the 
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. 
unique capability to rapidly reconstitute at sea for 
redeplo~ent to fol~ow-o~ operations. I 
The ~once~tual architecture for a notional ME3 size force 
in Z ~ l ~ - Z ~ Z ~  will be robust, flexible, and a potent force 
enabler -- capable of projecting combat power deep from the sea 
to deep inland. The Navy and Marine Corps team will have the 
capability to launch from 7 5  NM from the sea to 200 miles inland 
within 24 to 48 hours upon arriving at the launching area. The 
future conceptual expeditionary force will be scalable and 
capable of operating jointly with Carrier Strike Groups ~ C S ~ s ~  
and allied forces. ~dditionally, the Con~ep~ual architecture 
for a notlona~ ME3 will have the ability to sustain itself for 
30 days, as well as provide indefinite sustainm~nt to the forces 
1 
I ashore. 
Logistically, the Conceptual architecture will be re- 
su2plied by 3 dedicated shuttle ships as well as c c ~ e r ~ i a ~  and 
other logistic ships, The 3 shuttle ships will have similar 
~haracteristics as the 6 Sea Force ships that make up the Sea 
Base, but will provide a lpgistical support role o n l y .  The 3 
shuttle ships will transit between the offshore base and the 6 
Sea Force ships, i~definitely sustain in^ the Sea Base as needed. 
The transfer of supplies to the combat forces ashore will come 
from both air and sea transporters, Ideally, the Mv-22 and the 
conceptual Heavy Lift Aircraft will be the main logistic 
supplier to the combat forces ashore. In the event that air 
transporters cannot meet the daily resupply ~ e ~ u i ~ e m ~ ~ t ~  to the 
combat forces ashore, then both air and sea transporters will be 
utilized. 
The requirement to conduct beach landings remains because 
~V and the MIA1 are too heavy transport to the objective by 
air, Heavy Lift Landing Craft Air Cu~hlon ~ H ~ ~ ~ C ~  and Landing 
Craft Utility (Replace~e~t~ LCU (R l  with their enhanced 
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capabilities will give the expeditionary force of the future an 
over-the-horizon strike capability -- unlike amphibious 
operations of the past. An over-the-horizon capability makes 
the Sea Base less vulnerable and enhances the element of 
surprise. With the added capabilities of the future Conceptual 
architecture for a notional MEB, the enemy will have to disperse 
their forces to cover a larger area. 
Figure 1 depicts the flow of a Conceptual expeditionary 
warfare concept. The notional MEB will arrive at the arrival 
and assembly area from forward deployed locations in the 
Mediterranean Sea, Persian Gulf, Indian Ocean and/or Western 
Pacific. Unlike amphibious operations of the past, the 
Conceptual design does not rely on friendly ports or airfields 
near the operation. The Conceptual Sea Base projects and 
- - -A ___, 
Land Roule Air Replenishment Route 
'x' ship Route 
_......._... __ - -_ -  
Sea Replenishment Route 
Remarks : 1. The beach is utilized for transpoting heavy equipment from the x'ship to the objective 
2. There is no 'Iron Mountain' at the beach. 
Figure 71. Conceptual Flow of 
Expeditionary Warfare 
2 1 0  
sustains power entirely from the sea. The notional ME3 will 
move to the launch area and project c o ~ a t  power ashore by both 
air and sea transporters. Air transporters will carry the 
notional MEB directly to the objective while sea t~ansp~rters 
will project forces and equipment to the objective via a beach 
landing area with m~nimal operational pause operational pause. 
I]. ~ ~ P ~ C T  ON P ~ - P U S ~ ~ I U ~ ~ ~ ~  C U N ~ ~ P  
The Maritime Frepositioned Force ~ M F F ~  consists uf three 
Maritime Preposit~oned S~uadrons ~ M P S ~  positioned around the 
world. The MFS ships are config~red to transport supplies for 
the U . S .  Marine Corps, The program was first impl~mented in the 
~ i d - 1 9 8 ~ ~ -  MPS shipping Zs based in three locations: Rota, 
Spain; the British Isle of Diego Garcia in the Indian Ocean; and 
the U.S. Island of Guam in the ~estern Pacific Ocean- The MPS 
ships contain nearly e v e r y ~ ~ i n ~  the Marines need for conducting 
operations with a ~ ~ , ~ ~ U  troop ME3-si ed ~ G T F  for 30 days. The 
ships do not carry the troops, aircraft, and other smaller 
pieces of e~uipment associated with the MEB. Each MPS is a mix 
of long-term charters and U . S .  ~overnme~t-owned vessels crewed 
by contractor-employed mariners 1651. 
The ~onceptual architecture proposed by the SEA team 
employs the u s e  of the TSSE ship design in two ways: (1) The 
Sea Force Ship replaces the LHA in the Naval Ex~editionary 
Strike Group ~ N E S ~ ~  operating with legacy assault ship pla~forms 
(LPD 17 and LSD 41); (2 )  The Sea Force ship replaces the legacy 
assault ship platforms in their entirety-six ships comprise the 
Sea Base. 
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From the beginning, the TSSE ship design was envisioned to 
be an alternative to the LHA(R) concept. The Sea Force ship 
would operate with an LPD 17 and an LSD 41 as part of an NESG 
transporting a MEU-sized force. There would be four deployed 
NESGs strategically positioned in the Mediterranean, Persian 
Gulf, Indian Ocean, and Western Pacific. These locations would 
enable the deployed forces to form the Sea Base and begin 
expeditionary operations within 10 days of a warning order. 
Only three NESGs would be needed to form the Sea Base. The 
Conceptual Sea Base with legacy platforms would not be as 
effective in conducting STOM [ 61 operations. The lift capacity 
of the Conceptual legacy-mix Sea Base, would not be able to lift 
the notional MEB defined by this project. At least three of the 
supply ship variants would need to be prepositioned under this 
operational concept in the locations currently occupied by the 
MPF in order to increase the size of the MEB and enhance STOM 
[6] ability. 
The Conceptual architecture also psoposes a conceptual Sea 
Base comprised entirely of Sea Force ships. Under this 
operational concept, the amphibious assault ship components of 
an NESG would be made up of two Sea Force ships. There would be 
four deployed NESGs overseas around the same areas described in 
the "legacy-mix" version of the Conceptual Sea Base. The 
deployed forces would be able to respond more q u i c k l y  since the 
slower, legacy amphibious assault ships are removed from the 
force structure; the deployed forces would be able to form the 
Sea Base within eight days of a warning order. Three NESGs 
would still be needed to form the Sea Base-a total of six Sea 
Force ships. The all Sea Force ship Sea Base would be fully 
capable of lifting the notional MEB defined in this report as 
well as effectively execute a STOM [6] operation without the 
need for prepositioned support shipping. The Sea Base could 
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conduct expeditionary operations fo r  30 days without substantial 
I 
resupply . 
a Ass~ming an operation would need to occur in Burma, the 
legacy-mix Sea Base could arrive on scene and conduct 
expeditionary operations within ten days of a warn in^ order, but 
prepositioned ship pin^ would be needed to enhance the size of 
the ME3 and improve ~~~~ I61 capabili~y. The all-Sea-~~rce-sh~p 
Sea Base, however, would be able to begin e x ~ ~ ~ t i o n a r y  
operations within eight days of a warn~ng order with no extra 
support needed from prepositioned ship~ing for upwards of 30 , 
days, The adva~tage of the all-Sea-Force-ship Sea Base is that 
prepositioned shi~p~ng would not be needed to enhance ~~~~ or 
lift ~apability-the six Sea Force ships are fully capable of 
achieving both re~uir~ments. 
I 
The distance from San Diego to the southern coast of Burma 
is about 7 ,  ~~~ NM 1663. If shpply ship variants are used to 
resupply the Sea Base from ~ ~ N W ~ ,  the supply ships could steam 
from San Diego to the Sea Base in about 13 days with a 25 knot 
cruising speed-well within the 30 days of supply that the Sea 
Base carries - Therefore, the all-Sea-Force-ship Sea Base 
implies that prepos~ti~ned shipping would not be needed. I 
The current MPF consists of about 16 ships 1651. The 
current MPF cannot operate as a Sea Base, it must offload all of 
its e~uip~ent at a friendly harbor, and it cannot carry aircraft 
and t roops.  If this entire force structure could be replaced 
with a total of six supply ship Sea Force ship variants (three 
I 
for S ~ ~ F ~ ~ ~ T F L T ;  three f u r  ~ W ~ F P A C F ~ ~ ~  it could represent a cost 
savings while still achieving improved capabilities in the areas 
of Sea Basing, S ~ ~ ~ ,  and logistics support. The all-Sea-Force- 
ship Conceptual architecture, employing the supply ship variant 
as described, could also serve as an insurance policy in case 
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the U.S. is denied the use of its forward, prepositioning bases 
by diplomatic or military means. 
E. IMPACT ON THE CURRENT ARG/NESG COMPOSITION 
The impact of Sea Force on the current ARG/NESG composition 
should be a positive improvement over the existing architecture. 
Sea Force was design with the intent that it could be used as a 
LHA replacement and also as a sea basing platform. Sea Force 
should be able to fill the need for a larger ship necessitated 
by the procurement of the MV-22 and the Marine Corps desire to 
conduct Ship to Objective Maneuver (STOM). Due to Sea Force's 
large size advantage over the current LHA, which has a 
displacement of about 40,000 LT compared to the 87,000 LT of Sea 
Force, an ARG/NESG will be able to deploy with more than the 
standard 15 day loadout. Our estimates show that the loadout 
can be brought closer to 30 days by exchanging an LHA for a Sea 
Force ship. 
Later on, when it becomes necessary to begin replacing the 
smaller ships of the ARG/NESG a second Sea Force can replace the 
two/three smaller amphib's. This would be advantageous because 
now the loadout for the ARG/NESG can be brought to a full 30 
days, and the group will be fully capable of conducting (STOM). 
Another advantage of an ARG/NESG consisting of two Sea Force 
ships is that it can carry a third of a MEB and only requires 
that two similarly composed ARG/NESG's be brought together to 
form a sea base. 
F. AMPHIBIOUS OPERATIONS 
1. Surface Craft Management 
2 1 4  
. Although S~~~ implies that much of the e~uipment needed 
ashore will be flown from ship to shore, surface craft will 
contin~e to play a major role in amphlbio~s operations. Heavy 
tracked vehicles such as the M-1Al Tank are too heavy to be 
transported by any ship-based aircraft, and must be taken ashore 
by surface craft. The primary small surface craft that are 
involved in amphiblo~s warfare are the LCU   landing Craft) and 
the LCAC ~Landi~g Craft Air ~ ~ s h i o n ~ .  The Sea Force is designed 
to operate with these two craft. 
The LCU 2000 was designed to transport 350 tons of cargo 
(vehicles, personnel, containers, etc.) from ship to shore at a 
~ a x i ~ u m  speed of 12 kts. It has a bow ramp for loading and 
unload in^ Roll-on/~oll-off cargo, a bow thruster to assist in 
beaching and beach extraction and a range of ~~~0~ NM loaded. 
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. . . 
Figure 72. Loaded LCU 
b. LCACs 
The landing craft air cushion (LCAC) is a high-speed, over- 
the-beach fully amphibious landing craft capable of carrying a 
60-75 ton payload at 40 kts, with a 200-300 mile range. The air 
cushion allows this vehicle to reach more than 70 percent of the 
world's coastline and drive up onto the shore, while 
conventional landing craft can land at only 15 percent of the 1 
coasts. 
Both the LCU and the LCAC are able to take cargo between 
ship and shore, and they can also handle ship-to-ship transfers 
between any two ships that have well decks. The Sea Force is 
designed to carry 3 LCAC (or two of the planned LCAC 
replacement, the "LCAC-heavy") and 2 LCUs. The LCACs operate 
out of the well deck, located in the stern of the ship. This 
well deck is dry, and thus the LCUs are not able to enter. 
Instead, LCUs operate in two spots, one between each of the side 
hulls and the main hull. Equipment transfer for the LCUs is 
done with a Trolley-rail interface, a system that is currently 
being researched by the Navy. 
2 1 6  
Figure 7 3 -  Loaded LCAC 
In transit, the 3 ~C~Cs~2LCAC-heavys are stored in the well 
deck, The LCUs are stored in the superstructure, next to the 
aircraft hangar. When needed, they are lowered down between the 
hull with motored winches that have an extremely high gear 
ratio. They are raised with the same winches, and secured into 
their storage spaces. This arrange~ent keeps all surface craft 
protected from the elements, and they can be accessed for 
maintena~~e witho~t launching them 
With this compli~ent of surface craft, the sea force has a 
very Flexible ability to transfer vehicles and supplies ashore 
by sea,. The LCAC is fast, and the LCU carries a large payload. 
This co~pli~ents the ship’s ability to support S~~~ and sea 
basing. 
2. Flight Deck and Aircraft ~ a n a ~ e ~ e ~ t  
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One of the most important capabilities of the Sea Base is 
to deploy, support, and sustain' the warfighters ashore. Having 
the means to get "the right stuff, to the right place, at the 
right time" is critical in order to carry out Ship-to-Objective 
Maneuver. Moving large quantities of logistical supplies over 
the horizon from the Sea Base to 200 nm inland requires a large 
dependence on air assets and a large enough Sea Base to suppott 
those air assets. 
a .  Fl ight  Deck Operations I 
For the assault phase, let us assume that a total of 10,460 
troops, which includes the Ground Combat Element (GCE), the 
Combat Service Support Element (CSSE), and the Command Element 
(CE) will be participate in the assault. That is perhaps the 
worst case scenario for a MEB force. Furthermore, we will 
assume that 16 MV-22s and 12 (2 per ship) of the 24 of the Heavy 
Lift Aircraft (HLA) will transport troops; the other 12 will be 
assigned to support the troops by transporting fuel, water, 
provisions, and extra ammunition. In that way, each ship has a 
transport capacity of 480 personnel per sortie. To execute the 
assault, it will require 3.6'sorties of 16 MV-22 and 12 HLA per 
ship to transport the required 10, 460 personnel ashore. 
Assuming that every wave takes approximately 4 hours to complete 
(including reloading and refueling of the aircraft), the entire 
assault will take little over 14 hours to accomplish (14.4 
hours). 
2 1 8  
during Surge ~ ~ e r a t l u n s  
To scope the problem, the throughput in this study e x a ~ i ~ e s  
the short tons per day of daily supply r e ~ ~ i r e ~ e n t s  hat air 
assets are capable of deliverl~g. Table 41 shows the daily 
re~uire~ents (tons per day) required to sustain a MEB s i z e  
Landing Force. 
14.97 1 ~ ~ . ~ ~ 2 2 5 . 0 1 .  33.48 26.54 4 3 9 . ~ 9  
Table 41. Marine ~ x ~ e d i ~ i o n a r ~  Brigade size Landing 
Force Daily ~e-supply ~ e q ~ i r e m e n ~ s .  
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Clearly, the largest burdens imposed on aerial delivery assets 
are fuel, water, and ammunition. To meet the MOE, we proposed a 
Heavy Lift Aircraft to complement the MV-22; thereby ensuring 
daily re-supply requirements could reach their Objective. 
1. MV-22 and Heavy Lift Aircraft 
As envisioned in operational concept OMFTS, and its 
implementing concept - STOM, and SBL,  the distance from the Sea 
Base to the Objective could exceed 225 nm - 25 nm from the Sea 
Base to the beach and 200 nm inland. As mentioned earlier, the 
MV-22 will be able to deliver 20,000 pounds of supplies and 
troops to ranges up to 250 nm and at a speed of 240 knots. The 
Heavy Lift Aircraft will have the capability to carry an 
external payload of 37,500 pounds 300 nm from the Sea Base to 
the Objective, offload its payload, ar,d return to the Sea Base 
without refueling. Additionally, the Heavy Lift Aircraft will 
be capable of carrying an internal load of 20,000 pounds for 300 
nm, offloading, and returning to the Sea Base without refueling. 
In Table 42, we show the percentage of re-supply for air 
deliveries for a 10-hour flight day utilizing 72 MV-22s and 18 
Heavy Lift Aircraft. Conceptual aviation assets consist of 96 
MV-22s and 24 Heavy Lift Aircraft; however, the table takes into 
account operational availabilities for both aircraft. The MV-22 
uses an operational availability .75 - 96 times -75 equals 72 
Fully Mission Capable (FMC) aircraft. The Heavy Lift Aibrcraft 
uses an operational availability of .75 - 24 times .75 equals 18 
FMC aircraft. Table 42 shows dramatic improvements at all 
ranges and combat troops supported. The only situation where 
the Conceptual aviation assets are not adequate is the re-supply 
requirement for a full MEB equivalent force ashore at 250 nm. 
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Portion of 
Force Supported 250 nm 3.25 nm 55 m 
Tons Needed ~ ~ e r  of 
~ short tons Personnel 
~ l l  ~~ 2,235 
(Mote: For a Landing Force only, the ~onceptual Aviation Assets 
can meet the daily re-supply re~uirements by 221%.) 
~ 0 U  1 72 
bercen t m e r c e n  t 1 7 ,  8UU 
2. Conceptual Aviation Assets at Long-~nge 
The approach used to calculate throug~put at long ranges 
uses the same methodology as applied in Table 42, Sut with two 
~~ less ACE 
differences. First, the ranges of interest were changed to 225, 
250, and 275 nm. ~aving the capab~lity to use the sea as a 
maneuver space and the ability to strike deep jnland enhances 
- 128 264 
percent  percent 848 1 U ~ ~ ~ U  
the Navy and Marine Corps ability to be first to the fight and 
first to fight. Second, the speed of the MV-22 with an external 
load was changed from 180 knots to 167 knots; and speed without 
a load was changed from 180 knots to 240 knots? both these speed 
changes provide a mure realistic numbers. 
The daily re-supply re~ulrement for a ME3 size   an ding 
Force (GCE onlylof approximately 6,800 personnel is 490 short 
tons. Compar~ng the days of supplies to the Conceptual 
t~roughput ~apabillty provides an excellent ~ l a n ~ i n g  tool for an 
operational planner. Having flexibility and thr~ugh~ut 
~apability to move large  amount^ of supplies to combat t roops 
785 ~~ less ACE and CE 
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238 285 490 
percent xrcent  percent 9,660 
~ n ~ ~ n ~  Force only 490 ti, ~~~ 
ashore helps reduce their footprint, making them more mobile to 
engage the enemy. Tables 43, 44, and 45 were created to show 
whether or not the Conceptual aviation assets could delivered 1 
DOS, 2 DOS, or 3 DOS within 10, 12, or 14 hours for either an 
external or internal load. Green means the daily re-supply 
requirement can be achieved and Red means the daily re-supply 
requirement cannot be achieved, assuming an operational 
availability of -75 - (18) Heavy Lift Aircraft and (72) MV-22s. 
The Conceptual aviation assets have the capability to deliver a 
one- day re-supply for all three distances with the exception of 
an external load at 275nm and a 10-hour operating time. The 
requirement to conduct a two-day re-supply is possible with the 
’ exception of external loads at 250 and 275 nm. Additionally, it 
is possible to conduct a three-day re-supply at 225nm, but not 
at 250 and 275nm. At 14 hours for 225nm, it is possible to 
conduct a three-day re-supply for both inLernal and external 
loads. At 12 hours for 225nm only the internal load is 
possible. 
Cycle Payload 1 DOS 2 DOS 
Time 
3 DOS 
Assets at 225nm 
(Note: Operational Availability = .75 and the payload is all internal 
or all external, but not both. Green means can achieve daily re-supply 
requirements; Red means cannot achieve requirements.) 
250 nm 
Cycle [ Payload I 1 DOS 1 2 DOS 1 3 DOS 
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I 14 1 Internal 
Cycle 
Time 
Table 44. Capabi~ity Matrix for ~oncept~al Aviation 
Assets at ~ ~ 0 n ~  
Payload 1 DOS 2 DOS 3 DOS . 
(Note: ~pera~ional ~vaila~ility = - 7 5  and the payload is all internal 
or all external, but not both. Green means can achieve daily re-supply 
requirements~ Red means cannot achieve requlrements~ 
Table 45. Capability Matrix For ~oncept~al'Av~atio~ 
Assets at 2 ~ ~ n m  
(Note: ~ p e r a ~ ~ o n a l  Availabili~y = .75 and the payload is all internal 
or all external, but not both. Green means can achieve daily re-supply 
require~e~ts~ Red means cannot achieve ~equirements~ 
~ ~ p e n d ~ x  H represents the total tons delivered per day for 
both the Heavy Lift Aircraft with an external load and the MV-22 
with an internal load. The External Load - Heavy Lift Aircraft 
and the Internal Load - MV22 provides the greatest t h r Q u ~ ~ ~ u t  
capability for all three different operating times, whereas, the 
Internal Load - Heavy Lift Aircraft and the External Load - W 2 2  
provides the least throughput ~apability for all three different 
operating times. The difference between the greatest and the 
l e a s t  thr~ughp~t ranges from 100 to 500 total tons delivered, 
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depending on the number of aircraft available, distance, and 
operating time. 
This table is very user friendly. First, select the 
operating time of interest -- 10-hours, 12-hours, or 14-hours. 
Third, select the number of fully mission capable aircraft. The 
Conceptual Sea Base has 96 MV-22s and 24 Heavy Lift Aircraft. 
Typically, not all aircraft are available for daily operations 
because of scheduled maintenance, unscheduled maintenance, and 
logistical delays. Fully mission capable aircraft are computed 
by multiplying the operational availa,bility by the total 
numbered of aircraft - example 96 times . 9  equals 86. The 
MV-22 I86 I 81 I76 I 72 I67 1 62 I57 I 52 
following table represents the fully mission capable aircraft 
based on the different operational availabilities. 
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Table 46. Fully Mission Capable Heavy Lift Aircraft 
and MV-22s 
In Appendix H, the light blue vertical column represents 
the fully mission capable aircraft for the MV-22 with an 
internal load. The light blue horizontal row represents the 
fully mission capable aircraft for the Heavy Lift Aircraft with 
an external load. Fourth, select a distance of interest - 225, 
250, or 275 nm. The green horizontal and vertical lines 
represent the three distances. The highlighted yellow 
rectangles represent the same distances for both the Heavy Lift 
Aircraft and the MV-22. Fifth, after selecting the fully 
mission capable aircraft for both the Heavy Lift and the MV-22 
and the distance move horizontally across and vertically down 
until the two meet. The intersection is the throughput capacity 
(short tons delivered per day). Table 47 illustrates how to 
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find the throughput capabillty for  following: Uperating Time - 
12-hours, 18 Heavy Lift Aircraft with external loads, 72 MU-22s 
with internal load, and distance from Sea Base to Objective 
equals 225nm. The total throughput ca~ability equals 1953 short 
tons. 1953 short tons is approximately four times the daily 
sustain~~nt re~uireme~t ~490 short tons) for a ME3 size L ~ n d i n ~  
Force. Being able to meet the daily re-supply re~ulre~e~ts by 
almost four times has significant ramifications. First, the Sea 
Base must be able to surge its personnel, equipment, and 
supplies ashore quickly. The surge req~irements are always 
greater than the sustain~ent re~uirement, so having a capa~ility 
to surge four times the sustain~ent is definitely a force 
enabler. Second, even if attrition and other air tasking 
deplete the re-supply in^ air capable assets by 50 percent, the 
Heavy Lift Aircraft and MV-22 could still carry out its re- 
supply mission. 12 Heavy Lift Aircraft and 48 MV-22s have the 
capabllity to move 1302 short tons of supplies - well above 490 
'I 
External Load - Heaw Lift ~ r ~ ~ f t  
Table 47. Heavy Lift Aircraft and MV-22 Throughput at 
a 12-Hour ~perating Time (shorts tons) 
short tons. Third, weather was n o t  taken into account in this 
model, but it could easily be accounted for. If bad weather was 
to restrict flight operations for a four day period, then the 
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Conceptual aviation assets could take approximately four days 
re-supply requirements within 12 hours prior to any bad weather 
arriving. Having a robust capability provides a lot of 
flexibility in flight hours per day and re-supply periodicity. 
Short Pounds Approx Weight Pallets 
3. Heavy Lift Aircraft Simulation Model 
Carrying 
We developed an ARENATM Heavy Lift Aircraft Model to find 
the minimum number of Heavy Lift Aircraft required for meeting 
the daily sustainment requirements for a MEB size Landing Force 
ashore. The model simulates a Heavy Lift Aircraft carrying an I 
internal or external load at either 225, 250, or 275 nm for a 
12-hour flight day. Each Sea Force Ship uses 4 of its 16 spots 
to conduct flight operations, utilizing two spots forward and 
two spots aft on either side of the Sea Force Ship. The center 
MREs, flight spots remains clear for Joint Strike Fighters. 
ammunition, and spare parts are palletized and transfsrred to 
the flight spot when requested via omnidirectional vehicles. 
Assume the transfer of supplies is a uniform distribution -- two 
to four minutes. After the cargo is transferred to the Heavy 
Li.ft Aircraft, it is loaded internally or externally. The Heavy 
Lift Aircraft has the capacity to carry eight pallets of any 
type - MREs, ammunition, or spare parts and other. The 
quadruple container (QUADCON) can carry two pallets per QUADCON 
for a total eight pallets per container equivalent. Water and 
fuel are pumped into 500-gallon bladders for external loads and 
800-gallon internal tanks for internal loads. The following 












3 ~ , 0 ~ ~  
Capa~ity 
1,ouo 8 
Fuel 225 450,000 
3 
3 5,440 83 
8 ~U 33.5 6 7 , 0 0 ~  
8 
2 , ~ 0 0  27 . I 
Note: Water is assumed to be 81bs per gallon and fuel is 
assumed to be 6.8lbs per gallon. 
Aircraft 
Table 48.  Internal Lift Capacity of the Heavy Lift 
and 26.5 5 ~ , 0 0 0  
The loading and unloading times for internal loads are 
assumed to be a uniform distribution -- eighteen to twenty-five 
minutes: whereas, the loading and ~n~oading times for external 
2 , ~ ~ O  27 
loads are shorter -- four to six minu~e~. The Heavy Lift 
Aircraft can load while refueling, but an ~ d d i t i ~ ~ a l  20 min~tes 
was allotted to account for unexpected problems and longer 
refueling times. The travel time from the Sea Base to the 
Objective depends on the payload and the range. Table 50 shows 
the travel times as triangular distributions  minimum, most 




External Lift Capacity of the Heavy Lift 
Aircraft 
Approx ~ ~ i g h ~  Pallets Carrying 
Me i g h  t 500 or 500 Capacity 
Pounds 
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2 , 5 0 0  
2 2 5  ( 6 0 , 6 1 , 6 6 )  ( 6 7 , 6 8 , 7 3 )  
2 , 0 0 0  
( 8 0 , 8 1 , 8 6 )  
Note: Water is assumed to be 




(87 ,88 ,93 )  
4 ,000 
2 7 5  
3 ,400  
I 
( 7 3 , 7 4 , 7 9 )  ( 8 2 , 8 3 , 8 8 )  ( 9 3 , 9 4 , 9 9 )  
lbs per 
I 
gallon and fuel is 
assumed to be 6 . 8 1 b s  per gallon. 
Aircraft 
Table 4 9 .  External Lift Capacity of the Heavy Lift 
Utilizing the process analyzer embedded within the ARENATM 
software program, the simulation runs were set to determine the 
minimum number of Heavy Lift Aircraft. Thirty replications of 
six individual runs were simulated with the following shown in 
Table 5 1 .  
2 2 8  
I ~ e c u ~ e n d e d  ~inimum Number of HLAs 1 
Distance Internal Exte r n a 1 
For the s~stainment phase of the operation, we will assume 
a - 7 5  aircraft availability. With this availabil~ty, there are 
72 MV-22s, and 18 HLAs available at any given time to sustain 
the forces ashore, Using Table VI-H-2-6, we found that with 
this n u ~ e r  and co~inatiun of air assets, the Sea Base aircraft 
are capable of transporting 1651 ST" of supplies at a range of 
250 nm. Assuming that only 7 MV-22 and 2 HLA aircraft spots are 
available per ships at any given time, it will take 
a~proximately 2 (1.8) cycles of 6 MV-22s and 1 (0.75~ cycle of 2 
HLAs per ship to transport 1651 ST of supplies to the troops at 
an objective 250 nm from the Sea Base. Figure 75 illustrates 
the flight deck during the first cycle of the sustainm~nt 
operations. As illustrated in the figure, all the aircraft are 
225nm 
as close as possible to the aircraft and ordnance elevators. In 
20 13 1 
this  manner^ the loading of the aircraft by the o~nidire~tional 
vehicles will be as expeditious as possible. Because of the 
high thro~gh~ut of the Sea Base system and the resulted low 
number of air cycles, the sustain~ent sorties can be alternated 




275nm 20 I 17 
during Sustainment Operations 
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Sea Force fully or marginally met a l l  design re~uirements. 
The only re~~irement margi~ally achieved was selective offload 
of vehicles. Due to the self-imposed requirement to operate at 
a reduced level in a CBR environment the team decided that all 
aircraft should be able to fit in the hanger bay in a folded 
status. The A e r o  heavy-lift aircraft  four^ were significantly 
larger than any other aircraft onboard and storing them in the 
hanger required a significant portion of the internal volume. 
In addition to the heavy-li€t aircraft the decision was made to 
store the LCU's internally vice in the welldeck, to avoid the 
c 
need to add extra ballast for we~ldeck operations. As a result 
the vehicle storage areas were impacted to the point that it was 
not feasible to do completely selective offload of vehicles. 
@hat is ment by c~~pletely selective is that any vehicle can be 
taken from its storage location and moved off the ship witho~t 
requiring the move~ent of another vehicle. The reason this is 
~ariginally meet is because only a small portion of the vehicles 
do not meet this require~ent, specifically 24 vehicles on the 
 truck Deck ~ ~ a i n  Deck) port side aft. 
B. ~~ ~ ~ ~ I R I N ~  FURTH~R ~ ~ Y ~ I S  
1, LCU stowage and loading 
The LCU storage area design presents several si~nifi~ant 
design challenges. The weight of an LCU is in excess of 200 LT 
and must be lifted in high sea states into its hanger deck 
stowage area, a m i n i ~ ~ m  of 30 feet. Control of the craft during 
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the ascent and descent as the ship rolls, as well as, attaching 
the lifting device will be a driving factor in implementing this 
portion of the design. Fendering systems, control systems using 
cables, and motion compensated cranes or wenches were evaluated. 
Due to time constraints we were not able to further research 
this area, but do feel that it is possible to design a system 
capable of accomplishing this task. 
Also, further analysis will have to be done on the vehicle 
ramps for loading and unloading the LCU's between the main and 
side hulls. The proposed system will be a ramp that attaches to 
the ship about 15 feet above the waterline. This ramp will 
provide access to the first vehicle deck in the main hull. The 
ramp will be design so that relative motion between the LCU and 
the ship is permitted. Although we know of one master's level 
thesis on this topic, we do not know of an available ramp that 
is suited for this application. 
Wave height between the main and side hulls will also 
require further analysis. Under certain conditions it is 
possible that the wave height could be amplified due to 
constructive interference between the waves reflected off the 
main and side hulls. The angle of incidence of the parent wave, 
wave periodicity, and spacing and shape of the hulls could all 
contribute to the severity of this problem. Further analysis of 
sea state trends in desired regions of operation may suggest an 
optimum spacing or form for the hulls other than that required 
by naval architecture considerations. It may also be possible 
to erect a temporary barrier between the two hulls that will act 
as a breakwater and reduce the wave height to an acceptable 
operating level. One such system that might have an application 
in this area would be the Tempest Floating Breakwater by Element 
2 3 2  
.- 
~nnovatio~ Inc. I which has been demo~stra~ed to reduce wave 
height by as much as half in a w ~ v e  tank. 
2. Flight deck ~ a ~ a g e ~ e ~ t  and ~ n i t ~ r ~ ~ ~  
The absence of an island on the flight d e c k  has many 
implications on how flight opera~ions will be cond~~ted if the 
primary controlling station does not have an ~nubstruc~ed visual 
view of the flight deck. The installed deck edge cameras and 
flight deck sensor grid must be further, studied to ensure that 
data provided to the controller is accurate and presented in a 
1 
ma~ner that is easily processed by a person. This will also 
require a large amuunt of testing and evaluation to prove its 
reliability and to convince operators that it is safe. 
3. Hull 
The largest trimaran4 vessel ever built is the HMS Tritan at 
~~~ LT. The technical issues involved in scaling an ~~U LT ship 
to an ~~,~~~ LT vessel are not clearly understood. Resistance 
models and hull int~ractlons have not been proven to scale 
reliably at this size. This can be ~ontributed largely to the 
fact that there has never been an attempt to build a vessel 
larger than ~ 0 0  LT. Another issue for further analysis is the 
structural members required to tie the three hulls together. 
The weight penalty imposed by the increased structure may so 
severely impact the useable payload of the ship that it may make 
the design impractical. 
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C. ASSESSMENT OF THE DESIGN 
1. Propulsion 
The Sea Force will use three big prime movers which are LM 
6000 gas turbines and 1 small prime mover which is LM 2500+ to 
meet the requirement of 30 knots maximum speed and 218 000 hp 
power. In general, Lm 2500 + is not a small gas turbine for the 
propulsion or power. But The Sea Force's electrical shipload is 
15 MW (20 000 Hp). While at anchor or loitering this power can 
go up to 20 MW (-27 000 Hp). The LM 2500+ gives maximum power of 
29.8 MW. So there won't be so much excess power. 
Installing a smaller gas turbine and an emergency also was 
taken into consideration. Since the ship will not be in the port 
for long periods, so the emergency gas turbine and the generator 
was dropped from the consideration. 
For the propulsors, as discussed in the previous chapters 
electrical pods were utilized. The main hull has very limited 
beam for the location of the pods. So to get rid of this problem 
and install four pods in an efficient way, new technologies in 
terms of electrical motors were investigated. Today's technology 
still isn't meeting our requirements. The electrical motor 
technology showed great improvement during last twenty years. 
The electrical motors, used for the propulsion systems, got very 
compact shapes. Since The Sea Force design had proceeded with 
the consideration of the technology by year 2020, the team made 
assumptions for the motor dimensions for the future. 
234 
2. Sea state ~ ~ ~ ~ t a t ~ o ~ s  
Under the SEA - IRD document, the ship should be able to 
operate in at least sea state 3 and should be able to 
operate/navigate on every sea, mean everywhere in the world. 
~ l t h ~ u g h  no ~uantitative sea state analysis was conducted, as 
there were no available programs to study~the sea keeping of 
tri-hull ships, it is anticipated that the performanc~ of the 
ship will be better  omp pared with a co~parable size ship such as 
the aircraft carrier based on the much higher r i ~ h t i n ~  arm that 
the Sea Force has over the carrier. ~evert~e~ess, the 
~eaworthiness of the ship may be estimated using the Sea keeping 
Evaluation Frogram ~ S E ~ ~  that was developed to evaluate the 
seawort~liness of S ~ A ~ ~  ships. This area would be looked into 
for the second iteration of the design process. 
3 .  Damage Control 
The basic DC system layout was defined includin~ the AFFF, 
fire main and water mist systems. The mannin~ architecture, 
however, was not laid out. ~anning requir~ments fur the DC 
system needs to be evaluated and shown. A reduced ~ a n n i n ~  
scheme was assumed, but the specific manning was not integrated 
into the overall layout. To accurately determine the required 
number of personnel, various scenarios will have to be run to 
determine the optimal m a ~ ~ i ~ g  structure and the overall 
effectiveness of the system. 
In addition to the fire€ightin~ capabilities of the 
Sea Force, an overall review of the ~hemical, ~ i ~ ~ o ~ i € a l  and 
~adiolugical (CBR) protective measures should be performed. 
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Water curtains and protective barriers have been defined for use 
when accessing the well and flight decks, but further study will 
be required to determine effective and specific access 
procedures for entering and leaving the ship from other areas. 
Systems such as the Collective Protection System (CPS) should 
also be placed on the ship. Once these systems have been 
integrated into the ship, additional CBR attack scenarios can be 
run, and performance evaluated. These scenarios, like the 
firefighting scenarios, can be used to evaluate current and 
future systems to the overall capability of the Sea Force. 
4. Abandon Ship 
The ability to safely abandon ship at sea was not designed 
for or evaluated. The design for this capability should conform 
to the International Convention for the Safety of Life at Sea 
(SOLAS) requirements as a baseline. The areas to be analyzed 
should include the location of the lifeboats and assembly 
points, the process for accounting of personnel, and the methods 
of launching the lifeboats based on various ship damage 
scenarios. 
5. Storage Capability and Selective Offload 
Operational functionality in the areas of resupply and 
reconstitution of force is achieved via the well deck, flight 
deck, LCU decks and motion compensated crane system. The large 
Flight Deck and internal volume are ideal for supporting STOM, 
selective off load logistics, and ship to shore logistics. Cargo 
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and vehicles from any storage area on the ship can be moved to 
any of these access areas via elevators or ramps- Em~arkation of 
an e ~ u ~ v ~ l e n t  cargo payload of 3 ~ ~ ~ L T ~ ~ 8 8   us^ in the warehouse 
will only utilize 25% of the total wareho~se volume allocated in 
Sea Force. In the supply configured variant, Sea Force trimaran 
I 
hull form offers volume and the ship is capable of support in^ 
troops ashore w~thout transfer to other ships in the sea base. A 
volume of 5.7 million cubic feet is available for 
ContainerslFalletslAo on the supply ship through conversio~ of 
C41 and combat systems spaces, Marine ~erthing, and Hangar Bay 
(to include the LCU storage areas). The original vehicle decks 
and warehouse spaces are maint~ined- However, due to the density 
of containers and cargo that replace the modular spaces in the 
combat con€iguratio~ as well as the additional listed areas that 
1 
are reduced or removed, Sea Force is also weight limited vice 
volume lirrdted in design. The need to m a ~ n t a ~ n  shallow draft for 
littoral operations may impose weight penalties on the capacity 
of cargo that the ship is able to  rans sport. Subse~uent design 
iterations may also result in the re-location of the weapo~s 
elevator to the side adhering to the hull contour. This will 
permit ~imultaneous weapons distribution to the flight deck 
during S ~ O V ~  operations and improve the overall logistics flow 
from handling/storage to loading and delivery to the end-user, 
6 ,  Storage C a ~ ~ ~ l i t y  and Selective U f f ~ o a d ~ ~ g  
Several crucial capabilities are required to enable 
selective o€€loading onboard the Sea Force. In terms of volume 
and space, the ship has sufficient allowance in the warehouse 
and magazine volume to cater for selective off loading, a l t ~ ~ u g h  
subse~uent design iterations will need to address a more 
efficient storage methodology for vehicles. 
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The influence of automation in cargo handling and tracking 
systems elaborated in the Chapter on Logistics, greatly 
facilitates the level of selective o f f  loading capability in the 
ship. However, in terms of the load handling and movement of 
equipment within the ship, several enabling technologies such as 
the Linear Electric Drive, Motion Compensated Crane and the 
Unified Control Solution (for logistics automati’on) are 
incorporated based on existing research and test prototypes 
which currently remain untested in a dynamic environment onboard 
the ship. 
7. Reconstitution of Forces Ashore 
The Sea Force is a Trimaran hull as discussed before. One of 
the reasons for the Trimaran design was to have enoiigh flight 
decks to support the air operations and STOM. 
To transport the troops and cargo to the shore the MV-22 
and CH-53 will be utilized. These aircrafts will also return the 
injured personnel, damaged vehicles and other equipments from 
the shore. While these air operations are being conducted the 
JSF and AH-1 aircraft will protect the marines on shore and will 
be ready to strike. During embarkation UH-1 aircraft will play 
the role for command and control and medical evacuation and the 
UH-60’s will be in the theater for search and rescue in case of 
an accident. 
To resupply the troops on shore the distance is the driving 
factor. ’The selection of vehicle for transportation depends on 
the distance and the time. If the reconstitution area is close 
to the ship the LCACs and LCU can be used. But if the distance 
from the shore increases it is better to use rotary wings for 
transportation. In this case the primary type of the aircraft 
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will be CH-53s and the secondary MV-22. ~-~~ can also be used 
for medical supplies to help U H - t s .  
The force ~ e ~ l o ~ e n t  will be conducted with LCACs, L C U s  and 
~ ~ s .  Since the LCUs are dropped to the water from the area 
between the main hull and side hull, the L C U s  and L C A C s  can 
start to operate at the same time without causing big problems 
for the air operations on the flight deck. 
8 .  ~ a n n ~ ~ ~  C ~ ~ c e r n ~  
With the bud~etary constraints experienced by Do13 during I 
the 1990, the Navy leadership started explori~g reduced ~ a n n i ~ g  
onboard ships. In 1995 Admiral Boorda, then Chief of Naval 
~perations, sponsored the Smart Ship Program to test s o m e  of 
the ideas and ~echnologles that could ~otential~y lead to 
reduced manning in every ship of the U . S .  Navy. In 1995, USS 
~ 0 ~ ~ ~ 0 ~ ~  (CG 48) was the first ship to test this new oper~tional 
concept. ~hrough the use of a fiber optic Ship Wide A r e a  
~etwork ( S W A ~ ~ ,  automation software, and a radical change in the 
ship's organi~ation and watchbill, ~~~~~0~~ successfully 
operated with an integrated bridge, damage control, and 
engineering systems which automated many of the routine daily 
t a s k s -  ~~~~~0~~~~ Smart Ship evaluation report also claimed the 
fulluwing: 
0 A 15% reduction in maintenance workload. 
0 The potential for an estimated ~ l . ? ~ ~  per year 
shipboard man~ower savings. 
0 An estimated ~ 2 . ~ 6 ~  per year reduction in life 
cycle costs , including associated shore man~ower 
reductions and shipboard repair savings (US Navy 
website 2 ~ ~ 2 ~ .  
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In 1996, a similar program was initiated onboard USS 
R u s h m o r e  (LSD 4 7 ) .  As in the Y o r k t o w n ’ s  case, the R u s h m o r e  was 
upgraded with a SWAN and automation software. In addition, 
R u s h m o r e  also served as a test platform for new technology to 
be implemented in the new San Antonio (LPD 1 7 )  class amphibious 
assault ships. The increase in automation and efficiency brought 
about by advanced technologies suggested a consequent reduction 
in the number of personnel required to operate the ship. Based 
solely on operational watch standing requirements, it was 
decided that the ship could reduce its manning from 311 to 268 
personnel. The ship would be organized under a core watchbill, 
with three sections dedicated to standing watch. Non-watch 
standing personnel would carry out the ship‘s daily routine, 
conducting maintenance and keeping the ship clean. These 
personnel would also be assigned on the core watchbill to 
billets for infrequent events and special details such as 
underway replenishment and flight operations. The ship’s damage 
control organization was also revamped, with numbered repair 
lockers being replaced by the Red, White, and Blue Teams. 
As new ships design are developed, reduced manning concepts 
has increasingly become one of the most import considerations in 
<hip design, not only because it is a fact of life that new 
automation technologies are becoming more stable and reliable, 
but also because of its potential benefits in operating cost 
reductions, quality of life for sailors, and overall ship‘s 
readiness. 
The following analysis compared manning onboard current 
amphibious platforms and the proposed manning onboard the TSSE 
conceptual design. This analysis focuses in manning 
2 4 0  
d~mogra~hics, crew volume require~ents, and ~anning costs. This 
paper ends with sections on con~lus~ons and re~o~endations. 
~ a ~ y s ~ s  Data 
~ a n n ~ n ~  de~o~raphics and cost data was used from the Naval 
Center for Cost Analysis. ~ a ~ n i n g  de~ogra~hics per pay grade 
for LHA, LHD, LPD, and LSD are illustrated in ~ppendix I. 
~anning de~o~raphics for the TSSE c o ~ c e ~ t ~ a l  design w e r e  taken 
from the TSSE report. 
Current ~ a n n ~ n g  doctrine onboard Navy ships is heavily 
composed of junior enlisted personnel, especially between the E- 
l through E-3 pay grades. These grades accuunt fo r  38.6 % of 
the  total crew in a LHA, and fur 49 % of the crew in an LPD. 
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BY PAY GRADE 








Figure 76. LHA 1 Manning by Pay Grade 
In the LHA manning, 277 or 25% of the ship's crew is in a 
non-designated status. Onboard an LPD, 101 or 26% of the total 
crew falls into this category. Non-designated personnel are 
sailors, who, after completing basic training, attended 
apprentice training in any of four basic areas: Fireman, Airman, 
Seaman, or Construction Electrician. Personnel in this category 
have the option of selecting a rate within their basic 
apprentice area. Personnel between the pay grades of E-1 
through E-4 are usually under training in their respective 
rates. Maintenance performed on equipment by these pay grades 
is generally restricted to basic Preventive Maintenance System 










I Figure 7 7 .  LPD 4 Manning by Pay Grade 
The manning by division onboard the LHA is illustrated in 
Figure 78. In this graph, the main propulsion division ~~P~ 
composed of ~achinistfs Mates ~~~ has the highest n u ~ e r  of 
personnel with 8 8 .  This illustrates the high man~ower 
requirements for steam prop~lsion systems. The next largest 
division is 5-22 with 79  personnel. This division is composed 
mainly of Mess ~anagement Specialist ~~S~ and Ship's Hotel 
6 
~erviceman (SH) personnel. The CO Division is composed of the 
Aviation Ordnance ~ A U ~  rate and occupies the third place with 
75. This division handles aviation ordnance and maintains t h e  
ship's magazines. Divisiuns in the Air ~e~artment follow 
closely on manpower requir~m~nts~ From the three division that 
composed the department, V-1 has the highest n u ~ ~ r  of 
personnel, followed by V-3 and V-4.  ~viatiun ~oat~wainf s Mates 
~ ~ B H ~  make up V-l and V-3 Divisions~ while Aviation Boatswain's 
Mates Fuels ~ ~ 3 F ~  compose V-4 ~ivislon. Composed of Boatswain, s 
Mates ~ 3 ~ ~ ,  lSt Division occupies the fourth place with SO 
personnel. This division is mostly tasked with the ship's 
preservation, m~inte~ance and operation of deck  e ~ ~ i ~ m e n t  a d 
U~REP stations. Repair Division composed ~ainly by Hull 
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Technicians (HT), and Damage Controlman (DC) has 47. This 
division is tasked with repairs of the ship's structure, 
maintenance and operation of damage control equipment, and are 
the first line of defense against fires and flooding. 
LHA 1 MANNING BY DIVISION 








Figure 78. LHA 1 Manning by Division 
Figure 7 9  illustrates the manning by division onboard a LPD 
4 class ship. Compared to the LHA the results show a very 
similar picture of the manning distribution onboard this ship. 
The main difference between the LPD and LHA manning schemes is 
that onboard the LPD, lSt Division has the greatest number of 
personnel with 46, followed by M and B (now MP Division) 
Division in the Engineering Department with 37 and 34 
respectively. The S-2 division in the Supply Department 








Figure 79. LPD 4 ~anning by ~ivision 
b. ~ r u ~ u s ~ ~  ~a~~~~ 
In the proposed ~ a n n ~ n g  scheme fur the TSSE conceptual 
design, reduced manning was an integral part of the design 
philosophy. That meant that every system considered to be part 
of the ship had to address reduced manning re~uirem~nt~. 
Reduced ~anning and automatio~ systems were selected especially 
f u r  ~ngineering, Supply and logistics su~port, and Air 
~epartments- 
The TSSE conceptual design has a total c~~plement of 724 
personnel. Figure 80 shows the brea~d~wn in personnel by pay 
grade. One of the most drastic changes in the concep~'s m a n ~ i n ~  
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Figure 80. Sea Force Manning by Pay 
The complexity of our missions and technologies are growing 
at an unparalleled rate. 
Over the next several years many of our most experienced 
people will be retiring. 
Our Sailors expect to learn and grow. 
It is our responsibility to make sure our people are the 
best trained and most prepared. 
Today, there are extraordinary educational opportunities in 
the commercial and academic sectors [ 7 0 ] .  
grade 
radical departure from the traditional manning 
doctrine was made under the assumption that every single sailor 
reporting to the ship would be fully qualified and trained in 
his or her watchstation. According to Task Force EXCEL a 
revolution in personnel training will take place because: 
2 4 6  
SEA FORCE ~~~1~~ BY DEFT 











Figure 81. Sea Force ~ a n n i n ~  by 
Figure 81 illustrates the TSSE concept design manning by 
depart~ent. Due to the logistic nature of its mission, the 
supply depart~e~t has the greatest ~ ~ ~ ~ e r  of personnel with 132, 
followed Combat ~ystems, engineer in^ and A i r  ~epart~ents with 
111, 95, iind 79  personnel respectively. 
 ordin ding to the TSSE report, the three ~epartments that 
made the most use of auto~ati~n were   up ply, ~n~ineering, and 
A i r  ~epartments. These departments also had the greatest 
decrease in ma~ning. New techno~ogies such as ~ u t o ~ t e d  store 
rooms and m~ga~ines, electric drive, Integrated Power 
~istrib~t~on (IPS), robotics, and advanced ~reservatio~ reduced 
~ a ~ n i ~ g  n these depart~ents. 
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Crew volume requirements data was used from OPNAVINST 
9640.1A, Shipboard Habitability Program, section T9640-AB-DDT- 
OlO-HAB, Shipboard Habitability Design Criteria Manual. 
Calculations and data in this manual were used to calculate 
berthing, head, and messing facilities volumes. 
Figure 82 shows the crew volume requirements for each ship 
class. The LHD has the highest volume requirement with 228,726 
ft3, followed by LHA and TSSE conceptual design with 216,892 and 
127, 450 ft3 respectively. To place these numbers into context, 
the total cargo capacity for the LHD is 101,000 ft3 , while the I 
palletized cargo capacity for the LHA is 116, 900 ft3. The 
designed warehouse capacity for the TSSE concept design is 
819,000 ft3. In other words, the crew volume requirement for 
the LHD is 2.26 greater than its effective cargo volume, while 
the crew volume requirement in an LHA is 1.84 greater than its 
efEective cargo volurw. The crew vo1;ime requirement for the 
TSSE conceptual design is only 15.5 % of its total stores cargo 
capacity. 
. 
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Figure 82. Crew Volume Requirements 
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~ I ~ G  ~~~~ 
I ~~~y~~~ Data 
~ a ~ ~ i n g  costs were used from the Cost of ~ a n ~ o w e r  
Estimati~g Tool ~ ~ ~ ~ E T ~  software version 2 - 0 .  Figure 83 
illustrates the average yearly cost broken down by pay grade. 
The cost includes direct and variable indirect costs. Direct 
cost includes items such  as military compe~sation (basic pay), I 
e ~ l i s t ~ e n t  and r e e n ~ i s ~ m e n t  bonuses etc. Variable indirect 




Figure 83. Yearly Enlisted Expenditures 
(2002)(Source: Naval Center for Cost 
Analysis. Cost of Manpower Estimating 
Tool COMET Version 2.0) 
Manning cost estimates were calculated for the year 2002 
and illustrated in Figure 84. The yearly manning cost for the 
LHD and the LHA are $95.3 and $90 million respectively. The 
manning cost for the TSSE concept deign is $55.5 million, while 
the LPD and the LSD are $31.6 and $27.6 million in that order. 
Despite the fact that the TSSE design displaces over 80,000 long 
tons, twice the LHA and LHD displacements, reduced manning 
allows it to operate at $35.5 million less than the LHA and $40 
million than the LHD. 
1 
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Figure 84. Figure VII-C-12-9 Ship 
Manning Cost per Year 
Figure 85 shows the yearly manning cost of a TSSE 
conceptual Sea Base composed of six ships, and the yearly 
manning cost for an afloat Msrine Expeditionary Brigade (MEB) 
composed of 3 LHAs, 3 L H D s  4 L P D s ,  and 5 LSDs .  The manning 
cost for an aggregated force of 15 ships is considerably larger 
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than the ~anning cost of the conceptual Sea Base. In fact, the 
~anning price tag for  the conceptual Sea Base is only 40.6 % of 
the ~ a n n i n ~  cost of an actual afloat MEB. 
M O A T  MEB ~~ SEA BASE 
Figure 85. Sea Force Sea 3ase vs. Afloat 
MEB ~anning Cost 
C U ~ C ~ U S ~ U ~ S  
Reduced m a n n i ~ ~  initlat~ves have been explored in t h e  U , S .  
Navy for less than ten years. Only two ships in the Navy, the 
USS Y u r ~ ~ u ~ ~  (CG 48) and the USS ~ ~ s h ~ u r ~  (LSD 473 have 
i~plemented this new concept, With only a mannin~ reduction of 
10 % and reports that software conflicts left the ships dead in 
the water 1691, the Navy claims a total success in the case of 
the ~ u r ~ ~ o ~ ~ .  In the case of the ~ u s h ~ ~ r ~ ~  Cedrik Pringle’s 
Naval ~ost~raduate School thesis evaluated the impact of the 
Smart Gator concept on the mission readiness of the ~ ~ s h ~ ~ ~ ~ ~  
and concluded that the reduction i n  ~ a n ~ o w e r  and the additiunal 
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training requirements for the crew negatively impacted mission 
readiness [ 7 2 ] .  
It is a fact, as current manning doctrine shows, that on 
average close to 50 % of amphibious ships crew is relatively 
junior, inexperienced and their absence would not prevent the 
ships from getting underway and operate in an efficient manner. 
Could we get rid of every single E-1 through E-3 aboard these 
ships? The answer is because ships like Yorktown,  Rushmore and 
the rest of the fleet were not design for reduced manning. 
In order for reduce manning to work, it has to be an , 
integral part of the ship's design philosophy. Reduce manning 
and automation systems, along with new manning doctrines can 
work, but they have to be planned, integrated, and implemented 
from conception. Reduced manning will not come easy. Software 
research is barely scratching the surface of key technologies 
such as Expci't Systems ( E S ) ,  Decision Support Systems (DSS), and 
Artificial Intelligence (AI). In addition, reduced manning has 
tremendous implications for the Navy in areas such as 
recruitment, training, and retention. Finally, there is 
institutional resistance that will oppose reduced manning every 
step of the way. 
RECOMMENDATIONS 
Are there any benefits to reduced manning? Yes, there are 
benefits in operational costs, decreased volume requirements, 
increased performance, and efficiency. Should we attempt to 
implement it as soon as possible? There is still a long and 
arduous road ahead, and as mentioned earlier, the process has to 
be a calculated and progressive one. We have to start with our 
people. In order to implement reduced manning the Navy will 
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require to train sailors to make them smarter, technologically 
savvy, and technically proficient. With this ~hilosophy, the 
benefits of a smarter workforce will start paying off  way before 
we fully implement reduce ma~ning. 
need to explore every opportunlty~ process, task, and 
ask the question ... cuuld we make this happen ~ithuut human 
intervention? If the answer is yes, how this change will affect 
combat effectiveness and performance? What type of te~hnology 
or doctrinal change will help us make it happen? 
Finally, technulogy insertion is nut as bad as the media , 
publicized the Yorktown glitches, As a matter of fact, it will 
be a painful and challenging step towards reduced manning. We 
need to take a closer look to our most intensive manpower tasks, 
and a s k  the questions previously stated. ~ e ~ a r t m e n ~ s  such as 
Engi~eering, Su~ply, and Air are opport~nity rich. 
9. Cost ~ t i ~ ~ ~ a t i o n  
While any design prccess includes iterations that take into 
account cost, this exercise was unlimited in that it did not 
have any restrictions. The design team understands that any 
major design project of this nature would have had severe cost 
limitatio~s that impact every aspect of the design. If there 
were cost restrictions imposed on the design, the team 
anticipates that a smaller, less structurally magnificent 
platform would have evolved. The platform would possibly have 
had a reduced combat systems capability with less pulse power 
requirements meaning fewer rail guns or fewer FELs-  With this 
being said, one must also admit that with cost r~strictio~s~ the
design team would have proposed a final design very similar to 
that of a present day LHD. The final design that did evolve 
presents a viable solution to the unansw&red question of sea 
basing and  ST^^. 
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Aero Design 4 10,530 42,120 5,400 
UH-1Y 4 2,477 9,908 642 
MV-22 16 5,085 81,365 1,532 
Air Elements Per Factor 
Ship Spread A 
Two criteria drove the system design towards six ships. 
First, and most important, there was a minimum flight deck area 
required to conduct STOM operations as defined by the SEA team. 
Analysis was conducted to determine the amount of transport 
aircraft that would be needed to move troops and equipment of 
the MEB a distance of 250 NM in a 24-hour period using 4 sorties 
per aircraft. Assuming some of the heavier equipment (1.e. MIA1 
tanks, AAAVs, etc) would still have to be transported via 
sealift assets, the remaining MEB equipment and troop order 
could be delivered ashore meeting the requirements and 









Table 52. Transport Aircraft and Associated Area 
Requirements 
Although an underlying assumption was that at least one 
1 
Carrier 
Strike Group would be supporting the expeditionary operation, 
the MEB forces ashore and transport aircraft enroute to the 
objective still required additional force protection and fire 
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I -  
support. As a result, combat aviation assets (most notably the 
JSF) were in~luded as part of tpe  notional MEB. These aviation 
assets are shown in Table 53. 
I 
Table 53. Combat Aviati~n Assets and Associated Area 
Re~uirements 
This analysis demonstrates that a ~ i n i ~ u m  a ount of flight deck 
area was needed to support these aviation assets as well as 
conduct simultaneous fixed wing and rotary o~erations in support 
of a S~~~ expeditionary operation. 
Second there was r e ~ ~ i r ~ m e n t  for enough space and volume to 
support ME3 equipment, Analysis was done to determine the weight 
and volume requireme~t for all vehicles and supplies required to 
support a ME3 f o r  30 days. 
Analysis showed that the o p t i ~ u ~  n u ~ e r  of ships required 
having enough flight deck area for ~T~~ and enough internal 
volume and space to support a ME3 is 6 .  
Reducing the n u ~ ~ r  of ships to complete the same mission 
will lead to increased d i s ~ l a ~ e ~ e n t ~  higher than that of a 
carrier. This is one of criteria that were set earlier in the 
design process. A larger ~ u m ~ e r  of smaller ships would drive up 
a ~ ~ u i s i t i ~ n  costs, which is also bad, Eff~ciency wise, we could 
2 5 5  
.. .. 
not see a benefit if the number of ships were to increase, 
because there would be more ships to maintain, more propulsion 
plants and a larger number of Navy crew that would be doing the 
same job that our fleet of six ships could do. 
11. Future Technology Impact 
The Sea Force concept emerged from an evaluation of the 
present day requirements for Amphibious Warfare and the 
envisioned requirements for STOM and OMFTS. It allows US Naval 
Expeditionary forces to command any littoral environment in the 
world indefinitely without the need for friendly ports. It 
combines the functions of several ships and incorporates them 
into one incredibly capable platform. This jump in capability, 
however, is only as successful as the new technology that will 
be available to support it. The integral aspects of the Sea 
Force design that contribute to its ability to achieve STOM and 
indefinite sustainment include its large flight deck, new 
aircraft, trimaran hullform that incorporates two waterborne 
exit points, and its warehousing capability. 
The most important realization that the design team had was 
that a large flight deck would be the driving factor in the 
ship's ability to achieve STOM. Without a potential airfield, 
nearly all of the assets on the ship that had to be at the 
objective, including personnel had to be flown in. The present 
day methods, while reliable yet slow, force the build-up of 
equipment and personnel on the beach. The success of the Sea 
Force concept is dependent on the design of a capable MV-22 
aircraft and a new heavy lift helicopter. These two aircraft, 
combined with the advanced landing craft designs of the HLCAC 
and LCU ( R )  , would permit successful transfer of supplies, 
equipment, and personnel to an objective in a rapid manner. The 
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flight deck design does not incorporate a tower for control and 
coordinatio~ or safety issues. This choice, while radical and 
uncharacteristic of any large deck aviation capable platform, 
provides greater stability, greater flexibi~ity in take-off and 
landing, and allows for automation or reduced manning concepts. 
The second area i~corporating advanced techno log^ is in the 
tri~aran hull from. The choice was made to use a trimaran in 
order to support the large flight deck required for S ~ ~ ~ .  This 
choice was a major change €rum traditional naval ship designs 
and will require significant research in the areas of resistance 
calculations, structural ~erformance in terms of hull stress and 
strength, and maintenance. 
The Sea Force ~ o ~ a t  Systems design incorporates several 
c ~ n ~ e ~ t u a l  technologies that will make this ship the most robust 
amphibio~s platform in the fleet. The co~ination of a Rail Gun 
and FEL would produce warfare capabilities and doctrine never 
seen before. While not completely explored, the C4ISR 
arch~tecture envisioned will permit c~~unications and 
~oordination of battle group assets,  shore stations, and 
autonomous te~hnology unparalleled by anything in the fleet 
today. 
Finally, there are several technologies incorporated in the 
Sea Force design that are in the test and ~val~ation phase such 
as the automated ~ ~ - A ~ ,  a ~ u ~ i t i ~ n  warehouse and cargo 
warehouse areas,  and the mutlo~ ~~mpensated crane. These 
systems give Sea Force the required capabilities needed to meet 
sustainment re~uire~ents, surviva~ility r~quiK~me~ts, and 




MASTER LIST OF REQUIRED OPERATIONAL CAPABILITIES* 
Requirements for our Replacement Ship 
Professor Calvano's AIM : 
Review and understand the requirements from the SEI team for Sea 
basing within expeditionary warfare. Further, you must analyze 
the nature of the requirements and anticipated solutions for the 
three ship types mentioned above. The goal is to determine if 
the EXWAR Sea basing requirements can be fully met by a single 
ship design (with variants permitted) that can be employed in 
lieu of the separate ship types. 
TSSE Team Leader's AIM : 
Reviewing the SEI TRD and gaining additional insight as to 
implications of the requirements given in the SEI IRD 
Provide a list of requirements that will meet the SEI IRD 
Each team shoul also make a recommendation as to the type and 
number of ships required to meet these requirement. 
AW - Air Warfare 
1.Must be able to defend against Advanced anti-ship cruise 
missiles (ASCM, like the sunburn missile) (LHA CONOPS pg 
7 8 )  
2. Support the Marine Corps TAMD (seabased Theater Air Missile 
Defense). 
3.Must be able to support and leverage joint integrated air 
defense systems to provide support throughout the AOA. 
4.Will not be expected to be a long-range air defense 
platform. 
5 .  Ship should have decoy systems designed for an amphibious 
assault ship. 
6.Electronic Warfare suite should be able to facilitate "soft 
kill" of air threats. 
3 
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7. Transport 1700 troops. 
~ * ~ ~ O  ft well-deck (to support 3 LCACs, 2 LCUs, ~ V ,  ~V and 
, 
future LCU and LCAC replace~ents a~vanced a ~ p h i b i ~ ~ s  
assault vehicles) 
9,'2 Deck elevators ( L ~ A / L ~ ~  elevators lift 7 ~ , ~ 0 ~  lbs.) 
10. ~phibious ope~ations will be conducted over-the- 
horizon. Once ene~y forces are rolled back, ships can move 
up and ship-to-shore transfers can take place. 
11 I The Marine Corps onboard sust~in~ent policy will not 
change, must support an ~ E U  for 15 days or a ME3 for 30 
days, or a MEF for 60 days. 
force (in the areas of ~ainenance, supply, medical and fire 1 
support coordination) as part of a seabase. This includes 
providi~g surface craft control, including serving in the 
PCS, excercising air control and coordination. 
13. Provide airspace and surface manageme~t throu~hout the 
~phibious Objective Area (AOA~ with high density airspace 
control zone ~ ~ ~ ~ A ~ ~ ~ .  
14. Operate with the ~ - 2 2 ,  ~ V ,  S ~ U V ~  JSF, S ~ - 6 ~ R  (fixed 
wing & rotary), with at least 42 ~ u l t i ~ l e  points for 
aircraft spotting. Can operate aircraft and helicopters 
simultaneously- 
12. Designed to transport, land and support the l~nding 
15. Forward deploya~le. 
16. Support Marine Corps Advanced Fire Concept-all weather 
fire support around the clock, in all types of militar~ I 
operations, using wide array of precision and area weapons 
with improved range, accuracy, and lethality. Must utilize 
a mix of precision and accurate nun-pr~cision munitions~ 
Can be low-volume fire, since it is precision. Reliable on 
the first round. Both lethal and non-lethal muni~io~s. 
17 * Support the operation of UAVs, possibly launc~ing as 
well - 
18. Support Operational Mane~ver from the Sea Doctrine. 
19. Shoul~ prepare and package and transport meals to 
20 m SUW - Anti-~urface Warfare 
21 * Has a re~uirement to be able to repel terrorist 
22 .) USW - Anti-Submarine Warfare 
23. E~ploy torpedo decoy. 
24 - Must be able to supp~rt sustained littoral campaigns 
in a coastal water sub~ar~ne ~ ~ v l r o n ~ ~ n t .  
25. CCC - ~ o ~ a n d  Control C ~ ~ u n i ~ a ~ i o n s  
26. Support the ESG ~ ~ x ~ e d ~ t i o n a r y  Sensor Grid) 
forces ashore. 
atta~~s/boa~ attack both in port and u~d~rway. 
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27. Must be able to receive info from various UAV 
platforms, with full Tactical Control Systems. 
28. Provide tactical, secure voice or data communications 
(Plan, coordinate and control implementation of OPSEC 
measures), must be able to communicate with the embassy, 
the theatre or JTF commander, any SOF forces being flown 
in, and staffs as far up the chain of command as the 
SECDEF. 
29. Communications systems compatible with tactical 
command and the control architecture of ATF. 
30. Primary Flight Control (PRIFLY) and Flight Deck 
Control must not only be in constant communication, but 
both must have total visibility of the deck and it's 
operations both day and night. 
31. 
32. 
Must be able to wage network centric warfare. 
Joint C41 to allow interoperability. 
C2W - Command Control Warfare 
33. 
"soft kill" of air threats. 
34. 
35. Employ EMCON procedures. 
Electronic Warfare suite should be able to facilitate 
Should complicate the enemy's targeting process. 
FSO - Fleet Support Operations 
36. At least 578 bed hospital/morgue, 6 operating rooms 
37. Provide intermediate level aircraft maintenance 
(Multiple high-hat areas will be required (for maintenance 
on the V-22, and JSF) . 
38. 
39. 
4 0 .  
41. 
Provide organizational level preventive maintenance. 
Provide organizational level corrective maintenance. 
Marine Corps combat training will have to be 
Support forces ashore for supply maintenance, 
supported. 
distribution, salvage engineering, patient movement and 
services. 
42. Medical, dental and veterinary logistics. 
INT - Intelligence 
43. 
44. 
Must be able to receive info from various UAV 
Should be able to monitor electronic emissions ashore 
platforms, with full Tactical Control Systems. 
and from other ships. 
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LOG - Logistics 
45, Must have at least 2 5 , 4 0 ~  square feet of vehicle 
storage volume, 125,000 cubic feet of cargo storage volume 
~ 3 0 ~ ~  cubic meters of dry cargo space). I 
o~er~tion). 
on their way. 
base for logistic support. 
logistic agencies and transition from sea based logistics 
support system to a shore based system. 
50 - Should receive 20 ft equivalences and other pa~kaging 
configurations from intra or inter theater distribution 
sourcesI segregate contents and components into unit level. 
in designated co~part~ents and cargo storage spaces. They 
will be fully crewed and capable of getting underway within 
24 hours - 
52 I Capable of operating independently to provide 
strategic sealift capacity in support of the rapid 
deplo~ent of heavy ~echani~ed Army and Marine Corps combat 
units on a worldwide basis. 
53 I Strategic Sealift Ship mission is to transport c o ~ u ~ -  
46. Carry at least 1232 tons of avia~iun f u e l  (support 
47 .  
48. 
49. Should integrate operations with joint in theater 
Meet ~aritime pre-positioning ~lat€orms while they are 
Should provide indefinite sustainment serving as a sea 
51. Capable of providing temperature and humidity control 
~ user cargo and military vehicles, ~ncluding tanks and 
helicopters, pre-posi~ioned overseas or surged from the 
United States to support exercises and real-world 
contingencies- Equipped with self-sufficient ~ u l l - o n ~ ~ o l l -  
off ~ ~ U / ~ U ~  andlor ~ift-on/~ift-uff ~ ~ ~ l ~ U ~  facilities fur 
rapid loading, depluy~e~t, and o€€~oading- 
Standard Tensioned ~eplenishment Alongside Method ~ S T ~ E ~ ~ .  
54. Transfer a ~ u n i t ~ o n ,  cargo & missiles underway by 
55. Transfer personnel and' light freight by highline. 
56. 
57 I Provide small boat services for transfer of personnel, 
58 * supplies. 
59. Stock ,  maintain, and issue: (a) Air munitions, (b) 
Alr-launched missiles, (el Free-€alllguided munitions 
60. Provide large laundry services. 
61. Provide supply support services, 
6 2 .  Provide messing facilities. 
63. Provide small arms storage area. 
Transfer and receive personnel by helicopter. 
cargo, weapons~ provisions and 
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6 4 .  Provide for proper storage, handling, use, and 
65 .  Use ship‘s cargo rigs t o  load and discharge break bulk 
6 6 .  Provide ship configuration suitable for container 
transfer of hazardous materials. 
cargo. 
loading and discharging by a shore facility (non-self 
sustaining container ship). 
6 7 .  Load, stow, transport and discharge outsized and 
oversized military equipment. 
MIW - Mine Interdiction Warfare 
68. Support MIW operations, must have facilities and 
capabilities fully compatible with operating and supporting 
Support a “flyaway” version of the Remote Mine-hunting 
System, SH-6OR w/ Airborne MCM (AMCM) kits (hunt and kill), 
and the ability to embark MCMC staff. 
manipulate the platform signature, harden the platform for 
detonation effects, detect avoid neutralize the mines. 
mine sweeping assets when necessary. I 
6 9 .  
7 0 .  Should posses the self-protective measures to 
MOB - Mobility 
7 1 .  
7 2 .  Not restricted in size by the Panama Canal. 
7 3 .  Should be able to operate in at least sea-state 3.  
7 4 .  Range of 1 0 , 0 0 0  NM 
7 5 .  Should conduct in theater reconstitution and 
Speed must be comparable to other Navy surface ships 
in the timeframe of 2015  and beyond (25- 27 kncts or more) 
redeployment without a requirement for extensive material 
maintenance or a replenishment at a strategic sustainment 
base. 
operations. 
7 6 .  Operate ship‘s propulsion plant with split plant 
7 7 .  Counter and control CBR contaminants/agents. 
7 8 .  Provide damage control security/surveillance. 
7 9 .  Should operate/navigate on every sea, ocean everywhere 
80. Get underway, moor, anchor and sortie with duty 
8 1 .  Abandon/scuttle ship rapidly. 
82. Provide life boat/raft capacity in accordance with 
83. Tow or be towed (towing engine not required). 
84. Moor alongside ATF shipping or docks. 
85. Operate in a chemically contaminated environment. 
in the world. 
section in a safe manner. 
unit‘s allowance. 
2 62 
MUS - Missions of State 
86. must be flag configured to retain the n u ~ e r  of flag- 
configu~ed big-deck amphi~ious platforms in the fleet. 
87 ' Must be able to operate with other  military services, 
government agencies and ~ultinatlonal forces? operating 
with aircraft, displaceme~t and non-displace~ent craft, and 
co~a~d~control t.u coordinate these operati~~s. 
88.  Requires a robust ~ulti-media capability that is able 
to produce, at a mi~imu~: leaflets, posters, schedules. 
Paper to support the effort, and a means to deliver the 
materials. 
89. Areas fur physical exercise. 
NCO - Nun ~ o ~ a t a n t  Operations 
General 
90. ~ e d i ~ a l ,  dental and veterinary logistics.) Conduct 
91. Recover man overboard. 
92. Provide emergency flooding~flre fighting assistance to 
93 I Provide disaster assistance. 
94 * 
~ o ~ a t ~ n o n - c o ~ ~ t  SAR operations by surface ships. 
another unit. 
~upport~co~duct helicopter~~oat evacuation of 
nonco~atant personnel as directed by higher authority from 
areas of civil or internation~l crisis. 
care, feeding and berth in^ of evacuees. 
95 - Provide for e~arkatio~, identification, ~ro~essing, 
96. Provide care, feeding, and ~ e r t h i ~ g  of evacuees. 
97. Detect oil or hazardous chemical spill, report spills 
to proper authority, and conduct pollutio~ a ~ a t ~ ~ e n t  
operations. 
98. Must support varying ratios of male and female crew, 
99 - Must be designed to permit rapid reconfi~ur~tlun to 
100. 
troops and staff. 
respond to changing threats and missions, 
other mission, which is unrelated and execute both 
successfully. 
101. Capable of ~rovidin~ ~ e r t ~ i n g  a ~ c o ~ ~ d a t i o n s  for 
supercargo personnel who m~intain loaded ~ ~ u ~ ~ ~ ~ ~ t  and 
Should conduct one mission while ~ r e ~ a r i ~ ~  for the 
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cargo. Number dependent on ship class and U.S. Coast Guard 
Certificate of Inspection ( C O I )  limitations. 
spaces. 
and passenger handling. 
personnel during transit. 
ensure that habitability is consistent with approved 
habitability procedures and standards. 
106. Ensure the operation and maintenance of all phases of 
shipboard environmental protection systems do not create a 
health hazard and are consistent with other naval 
directives pertaining to the prevention of pollution of the 
environment. 
102. Identify, equip, and maintain appropriate first aid 
103. Provide facilities and personnel for material, mail 
104. Provide stowage and berthing spaces for equipment and 
105. Monitor the health and well being of the crew to 
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~ N ~ T I ~  ~ ~ ~ ~ ~ ~ T S  D ~ ~ N T  ~~~~ 
FOR 
TSSE Design Project - 
S u ~ e r  and Fall Quarter 2Q02 
15 Au~ust, 2 ~ ~ 2  
1. General ~escription of ~~erational Capability 
Mission Need ~ t a t ~ ~ e ~ t :  The top-level ~ission need is 
The SEI ~~~~~S paints a broad picture of 
The S E I  C O ~ ~ P S  embodies the capabilities of perti~ent 
implied in the U P ~ ~ V  Tasker lSer ~ ~ ~ ~ 6 ~ ~ 6 3 1 ,  12 April 0 2 )  stored 
on the S E I  Share Drive. 
Expedit~onary Warfare ~ExWar) as it mi~ht look like by the year 
2020-  
do~ume~ts germane to E x ~ a r  as outlined by the ~ ~ ~ A V  Tasker. 
Overall Mission Area: Ex~editionary Warfare. 
~ e s ~ r i F t ~ o n  of Proposed System: This system is intended to 
be a platform, or family of platforms, that enca~sulates all 
mission capabilities and meets system level require~ents 
contained in this doc~me~t. 
~ e f i ~ ~ t i o n  of Proposed Mission C a F ~ ~ ~ i t i e ~ :  
~ p h i ~ i o u s  W a r f a r e  ~~~ T h e  s y s t e ~  w i l l  be used i n  
a ~ p ~ ~ ~ i o u s  operat ions  t o  t r a n s p o r ~ ,  land ,  and s ~ ~ ~ o r t  the 
landing f o r c e .  T h e  s y s t e ~  w 2 l l  s u ~ ~ o r t  the o ~ e r a ~ ~ u n a l  
f l e x i ~ i l ~ t y  and rapid  o p e r a ~ 2 ~ n a l  t e ~ p u  ~ ~ ~ T ~ ~ ~ O ~  ~ e ~ ~ i r e d  by 
the E x ~ a r  f o r c e .  I t  w i l l  s u p p o ~ t  ~ i ~ t o r a ~   pera at ions acruss the 
s p e c t r ~ ~  o f  c o n f l i c t  -  fro^ s ~ a l l - s c a ~ e  c o n ~ i n g ~ ~ c y  i s s i o n s  a s  
p a r t  of a f o r w a ~ d - d ~ p l u y e ~  ~ ~ h ~ ~ i ~ ~ s  Ready Group ~~ ~, t o  
f o ~ c i ~ l e  entry  mission^ i n  a ~ a ~ u r  theater  w a r  ~~~~~ a s  p a r t  o f  
a l a r g e  n a v a l  e x p e ~ i t i u n a r y  farce. 
This system must allow the Marine Corps to fully use the 
capab~lities of future systems such as the Adva~ced ~ ~ h i b i o u s  
Assault Vehicle ~ ~ V ) ,  MV-22, Short Take-Off Vertical ~ a ~ d l n g  
Joint Strike Fighter ~ S T ~ V ~  JSF), CH-53E or r~~lacemen~, AH-1Z, 
UH-1Y and ~nmanned Aerial Vehicles ~ U A V ~ ,  as well as future 
amphib~o~s assault c o ~ a n d  and control ~a~abilities. 
will need to be designed to ~ c c ~ ~ ~ d a t e  gruw h trends and the 
insertion of new techn~lugi~s - such as int~rmoda~ transfer and 
The system 
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improved underway replenishment capabilities - throughout its 
service life to avoid built-in obsolescence. 
Seabased Logistics The system must provide for the option 
of indefinite sustainment, by serving as a conduit for logistics 
support from military/commercial suppliers. The prolonged 
operations will demand that the Seabase be able to store and 
maintain the lighterage and cargo transfer platforms. This 
capability will reduce the ExWar force‘s footprint on land, 
eliminate operational pause, and enable the ExWar force to 
conduct Ship to Objective Maneuver (STOM) and Operational 
Maneuver From the Sea (OMFTS). By providing a mobile sea base, 
the U.S. Navy will become the chain link that will provide the 
capability to conduct joint, coalition, and interagency 
expeditionary operations. 
Should shore basing be required, the Sea-base will possess 
the flexibility to support the logistics and maintenance 
efforts ashore. It will be able to safely navigate and 
access a wide range of ports worldwide. This will include 
the ability to conduct Roll On/Roll Off and Lift On/Lift Off 
cargo operations in the majority of worldwide commercial 
marine cargo terminals as well as over-the-horizon and in- 
stream cargo operations in unimproved ports 
Other Warfare Areas The platform/s of the Sea Base will 
operate as amphibious strike groups. For a MEB sized force, an 
escort package of 3 CG, 3 DDG, 3 FFG/DD, 3 SSN, and a squadron 
of P- 3 C  Update I11 AIP aircraft will be tasked to support the 
Sea Base. Additionally, a CVBG will be associated with the Sea 
Base, although not necessarily under their direct control; 
however, the platform/s of the Sea Base must retain a self- 
defense capability for threats that elude these escorts as 
described.below. 
Air Warfare (AW) The system must detect, identify, track, and 
defeat air targets that have been launched without warning or 
have eluded AW defenses provided by other fleet units (i.e., 
“leakers”) . 
Surface Warfare (SUW) The system must include the capability of 
detecting, tracking, and destroying multiple small, high-speed 
surface craft. In the dense, cluttered, and environmentally 
complex littoral regions, the system must be also be able to: 
Detect surface threats to the horizon with its own sensors 
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Deconflict potentially hostile craft from friendly and neutral 
shipping direct aircraft conducting S U ~  Engage surface threats 
to the ExWar force within the horizon, 
Under-Sea Warfare  US^^ The system must support both anti- 
submarine operations and ~~~. The design must provide for the 
control and support of U ~ W  helicoptersf and the control of 
unmanned underwater vehicles ~ U U V ~ .  The ship must  upp port ~~W 
assets. This includes: "Lily-pad" support for airborne mine 
countermeasures helicopters. Short-term hosting of remote mine 
search capability { i - e - ,  unmanned surface/s~bsurface vehicles 
operated from the ship) is needed. Transporting, directing, 
supplying, and maintaining of sha~low water and very shallow 
water clearance activities from the landing craft that will be 
e ~ a r k e d  on the ship 
Strike ~arfare ~STW) The system must allow coordin~tingf 
tasking and sup~oKting strike missions. 
Support Naval Special Warfare ~ N S W ~  The system must have C3 
functions that can support any e~arked c o ~ a n d ,  but with 
special re~~i~ements in the areas of secure co~unications, 
storage of non-standard ordnance, and support for craft and SEAL 
Delivery Vehicles ~ S ~ V ~  and Explosive Urdinance Disposal ~ E U ~ ~  
Units. 
~ The C o ~ a n d  and 
Control ( C 2 )  ar~hltecture must support plannin~, gaining, and 
maintaining situational awareness, decision-making, order 
g~neratio~, weapons direction, and ship system mon~toring and 
control with ~ninterr~pted voice, video, and data connectivity- 
Interoperabil~ty, not just compatibillty, of C2  system^ across 
the jointlcombinedlinteragency force is required. Sea based C2 
must afford co~anders the capa~ility to transition to c o ~ a n d  
ashore. ~ ~ a r k ~ d  tactical units need large staging areas to 
brief units of up to 250 personnel. 
landing force demands a ship-t~-o~jectlve architecture, a l l o w i ~ ~  
receipt and rapid response to requests for intelli~en~e, 
operations, or logistic support at distances approximating 200 
nautical miles inland. The design should allow for  co~ercial- 
off-the-shelf ~ C U T S ~  equip~ent r~place~ent without major impact 
or modification. 
The C 4 I S R  architecture must address Naval Surface Fire 
Support ~ ~ S ~ S )  by having the, co~unications facilities required 
for coordinating the employment of mortars, rockets, artillery, 
air and naval surface fires. The architecture must have the 
capability to co~unicate in a network-centric environment with 
The conduct of  ST^^ by the 
the force fires coordination center, the fire support 
coordination center, fire support elements, joint fires 
'elements, or another surface icombatant operating in a land 
attack controlling unit role, from the SACC. All NSFS 
capabilities must be fully integrated into joint land attack 
command, control, communications, computers, intelligence, 
surveillance, reconnaissance, and targeting (C4ISRT) networks. 
Information Warfare (IW), Information Operations (101, 
Information Dominance (ID), and Command and Control Warfare 
(CZW) are capabilities that the C4ISR infrastructure must be 
able to support. The system must be able to collect, process, 
exploit, and disseminate an uninterrupted flow of information in 
support of such operations. It must be able to conduct 
offensive information operations, and the design should 
incorporate highly integrated sensor assets to exploit the 
entire spectrum. 
2. Threat. 
The.capabilities of this system, must be based on existing 
and potential threat environments in which the future ExWar 
force might be employed. The future ExWar force will be forward- 
deployed and rapidly deployable in a chaotic international 
environment. Belligerents, enemies and potential enemies will 
range from modern well-equipped forces to individual fanatics. 
The ExWar force may face military forces, para-military forces, 
terrorists, criminal organizations, drug and contraband 
traffickers, gangs, and/or mobs. Additionally, there may well be 
more than one belligerent faction involved in the conflict, 
compounding the difficulty for the ExWar force. 
Many of the scenarios and adversaries could involve large 
segments of civilian and non-combatant population. Weapons may 
range from very primitive to highly sophisticated. The ability 
of almost every potential adversary to obtain and employ modern 
weapons has greatly increased. The lethality of the weapons has 
increased while reaction time in which to defend against them 
has been drastically reduced. The proliferation of weapons of 
mass destruction and the probability of their employment will 
add new and critical aspects to the situation facing the future 
ExWar force. While preparing to meet the various threats posed 
by,governments and individuals, the ExWar force must also be 
prepared, when directed by the chain-of-command, to react to a 
full array of natural disasters and human suffering. (Source: 
S E I  CONOPS) 
3. Shortcominqs of Existing Systems and C41SR Architectures 
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. -  
~nsufficient interup~rability of C2 sys~ems across the 
~nability to provide indefinite, c~ntin~ous C4ISR and 
j o in t l combined l in te ragency  force. 
logistics support to expe~itionary forces. 
Can not rely on foreign governments to provide bases and 
facilities for u*~./c~alition forces in case of regional 
~ontingency. 
I 
Aging amphibious assault platforms. 
8 The lack of a Seabased Logistic C2. 
Inadequate life to execute UM~TS and S ~ U ~ .  
8 Inade~~ate indefinite sustainment capability. 
4. System Level Re~uirements 
8 
8 
a.Baseline ~ ~equirements. 1 
System lift capacity of 1.0 Marine Expeditionary Brigade 
~ M ~ 3 ~ .  A MEB is a reinforced brigade Marine A i r  Gruund 
Task Force ~ ~ ~ T F ~  made up of three Marine ~xped~tiunary 
Units  ME^^, a reinforced battalion sized ~ G T ~ .  A ~E~ 
consists of 1200 combat troops and their c o ~ a t  support 
elements for a total c~mplement of 2 2 ~ 0  personnel. A ME3 
can be formed in twc ways: an amphib~ous MEB ro~ghly 
consists of the combat load unboard che ships of the three 
~ E U  sized ~phibious Readiness Groups ~ ~ R G ~  for a total of 
1 4 , ~ 0 ~  personnel; however, a maritime pre-positiuning 
squadron ( M P ~ U ~ ~  can deliver add~tional vehicles, 
equipment, materials, and supplies to increase the size and 
firepower of the ME3 (an MPF MEB~ to 1 7 , 0 ~ ~  total 
personnel, if required. Starting with the merger of at 
least two MEW sized ARGs,  the Expeditionary ~arfare system 
must be capable of delivering an MPF ME3 s i z e  force 
directly to the objective via the Sea Base. Baseline 
e~uipment load and supply requirements for an MPF ME3 sized 
force are contained in a spreadsheet found on the SEI share 
drive in the folder marked "Confi~uration Control." 
Operate at sea 25 to 250 NM from the beach. 
Employ all ~apabilities in a sea state of at least three 
(seas 3.5 - 4 ft, period 2 - 7 sec, average length between 
swells 52 ft, wind t o  15 kts). 
The system must be capable of transoceanic t r a n ~ ~ ~ r t a t i ~ ~ .  
From a pre- positio~lng location, and under t h e  conditions 
stated in the standard ~ndonesia~ and Burmese scenarios, 
the system must be able to arrive on station in no less 
time than the present day forces  threshold^ and preferably 
in one half the transit time required by present day forces 
 objective^ . 









Accommodate both current and future aviation and surface 
assault assets - including helicopters, MV-22, STOVL JSF, 
AAAV, LCAC, LCU(R), and MCM assets - under improved day or 
night, adverse weather conditions. The platforms must be 
compatible with operations of existing and future surface 
ships such as the LHD and LPD-17. The Sea Base platforms 
must operate with the long range, heavy lift aircraft 
conceptual design under development by the Aeronautical 
Engineering curriculum. The heavy lift design will have a 
spot factor no greater then twice that of a CH-53E, spread 
and folded. The design goal is a spot factor 1.5 times 
that of a CH-53E, spread and folded. The aircraft maximum 
gross weight is projected to be as high as 110,000 - 
140,000 lbs for the quad tilt rotor concept. 
Sea Base platforms required to carry both troops and 
support materials must be capable of simultaneously 
spotting, starting, loading, and launching troop transport 
and heavy lift aircraft. These simultaneous operations 
must be capable of moving troops and supplies at as least 
the same rate as individual troop and cargo operations from 
current platforms. The ability to concurrently operate 
STOVL fixed wing attack aircraft and troop/material 
transport aircraft from individual ships of the Sea Base ic 
desired, but not required. 
The platforms must be able to operate unmanned vehicles 
including Unmanned Aerial Vehicles (lJAV), Unmanned Surface 
Vehicles (USV), and Unmanned Underwater Vehicles (UUV) . 
Support training for the crew and embarked units. 
Provide organic battle group and JTF-level scenario 
development and simulation-based rehearsal capability. 
Support Tactical Recovery of Aircraft and Personnel (TRAP) 
missions. 
Direct the surface and air assaults; provide surface craft 
control, including serving as the primary control station; 
and exercise air control and coordination. 
Interoperability capability in all aspects, including 
logistics, combat systems, C4ISR etc with other services as 
well as allied forces. 
b. Seabasing and Logistics Requirements. 
The system must act as an integrated OTH, floating 
distribution center and workshop providing sustainment to a 
MEB for 30 days, with a throughput ability to sustain the 
MEB ashore for an indefinite time. 
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Provide c o ~ a n d  and control of logistics operations withln 
the seabase and ashore, 
The system must be able to heceive supplies and materials 
via 8' x 8' x 20'  and 8' x 8' x 40' shipping containers as 
well as 8' x 8' x 5'  quadco cons-^^ The system must be capable 
of moving these stores and supplies wi~hin the sea base as 
well as reco~figuring them onto 48" x 40" wooden pallets 
for transfer ashore, if required. 
replenishment operations with UH-lY, ~ - 2 Z A '  CH-53E' and 
the Aero cuncept~al design aircraft to support the 
logistics requirement of the landing force withu~t 
interrupti~g aircraft troop transport and surface craft 
operations. 
f a c i ~ i t i ~ s ,  and e ~ u i ~ ~ e n t  t o  a c c u ~ o d a t e  the w i d e  v a r i e t y  
and ~ u a n t i t y  o f  a i r - d e ~ i v e r e d  ordRaRce a s s o c i a t e d  ~~t~ the 
~ i s 5 i o ~ s  and a i r c r a f t  m i x  o f  the ACE. 
redepluyme~t of the ExWar force entirely throuyh the Sea 
Base. 
Design must possess selective offload capabili~ies to 
reinforce the assault Echelon of an ExWar force. 
f o r  easy r ~ c o ~ f i ~ u r a t i o n  f o r  ~ u ~ t i - ~ i s s i u ~  ~ u r ~ u s e ~  ~ e t w e e n  
stores, f a c i ~ i t i e s ,  and ~ e r 5 0 ~ ~ ~ ~ .  
The ~rimary role of the Sea 3ase is the support of 
operations by expeditionary forces ashore. While the 
platforms of the Sea Base must be compati~le with current 
and future fleet uilers and supply ships, a s ~ c o ~ ~ ~ r y  role 
of s ~ p p o r t i n g  escort and Sea Base  assets  it^ 5 i ~ i l a r  
services w i l l  be cuRs i~ered  prior t o  the FRD. 
8 
8 The system must be capable of &onductlng vertical 
9 ~ r o v i d e  i R c r e a s e d  a v i a t i o R  u ~ d n a n c e  s t u ~ a g e ,  h a ~ d l i n g  
9 The system design must support reconstitutiun and 
8 
S p a c e s  ~ e s ~ e c i a ~ ~ ~  c a r g o  s p a c e s )  5 h u u l d  a l l o w  f ~ e x ~ b i ~ i t y  
8 
c. ~ ~ € o ~ m a t i o n  Exchange Re~~irements. 
8 The C4ISR system must have defense-in-depth. To prevent 
intrusion' the information system and TSCE must be 
physically protected, firewalled, and redundant. 
Co~unications and computers must support secure, reliable, 
network-ce~~ric c ~ ~ u n i c ~ t i o n s  a d data exchange, not only 
with the warfare mission c o ~ a n d e r s ~  but also with other 
surface ships, submarln~s, and manned and unmanned 
aircraft. 
C ~ ~ ~ S  facilities €or ISR products. 
The system must facilitate reachback to the theater and 
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Provide the embarked staff a C4ISR capability that supports 
decentralized, naval, network-centric, and 
joint/combined/interagency operations. 
d. Environmental, Safety and Occupational Health (ESOH) 
and Other System Characteristics. 
Must comply with Federal EPA and NAVOSH regulations and 
international law as applicable. 
5. Program Support. 
a.Maintenance Planning. 
The system must have Intermediate Level (I-Level) 
Maintenance for aircraft, landing craft, other platforms in 
company and ownself. 
b. Human Systems Integration. 
Reduced manning concepts must be employed. 
Ensure crew comfort/QOL. 
Design the system to accommodate mixed genders. 
c. 
The system must support  m e d i c a l  evacua t ion  e v o l u t i o n s ,  
whether from combatant opera t ions  o r  i n  suppor t  o f  MOOTW 
and NEO opera t ions .  T h i s  i n c l u d e s  p a t i e n t  r e g u l a t i o n ,  
t r a n s p o r t / e v a c u a t i o n ,  r e c e i p t ,  and s t a b i l i z a t i o n  i n  
p r e p a r a t i o n  f o r  t r a n s p o r t .  
The system m u s t  be capable o f  r e c e i v i n g  c a s u a l t i e s  from a i r  
and waterborne c ra f t  . 
The system must include adequate treatment facilities for 
critical patients and decompression facilities for EOD 
personnel. 
Other Logistics and Facil-ities Considerations. 
6. Program Affordability. TBD 
7. References. 
For more information read the following: 
OPNAV Tasker (Ser N7/U655631, 12 April 0 2 )  
0 SEI CONOPS 
0 The Maritime Vision 
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The Naval ~perational Concept 
The M a r ~ t i ~ e  Concept 
~xpeditio~ary M a ~ ~ ~ v e r  ~ar€are 
8 Seabased Logistics, May 1998 
MPF 2~~~ and Beyond 
8 S T ~ M  C ~ N ~ P ~  
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APPENDIX C 
Parametric Studies to estimate Full Load Displacement 
of Ships 
A parametric study was conducted to estimate the full load 
displacement of the ships during the Analysis of Alternatives 
phase. 
comparable displacement to the design were chosen for the study. 
These ships include the LHD, LHA, LMSR and the two MPF 2010 
designs. 
ship displacement, full load displacement, ship's length, 
displacement-to-length ratio and speed. For the full load 
displacement and volume relationship, the issue of concern was 
that the weight density of compartments are different, however 
as we are comparing ships of similar functionalities these 
differences should average themselves out. For the full load 
displacement and length relationship, the premise lies with the 
assumption that with similar drive towards a more efficient hull 
design the length of the ship needs to increase with its 
displacement. However this relationship is less predictable 
because there are other parameters that affect the length of the 
ship being chosen which relates to the displacement of the ship 
in a different manner. Relationship between displacement and 
speed were also studied to determine if these could be used as 
an estimate. 
Current ships with capabilities that are similar and of 
Ship's characteristics under considerations were light 
The study showed that the relationship between full load 
displacement and hull volume has a strong linear relationship. 
The team decided to use this relationship to estimate the full 
load displacement of the ships during the Analysis of 
Alternatives phase. In retrospect, the full load displacement 
2 7 4  
r 
275  















Volume - Hull 
SHP 





* Based on fu. 
-- ..*---.zs I-.- -.LP c '"Y'r- '*-?"?. 3 ,. \ . - I  , 
LHD I LHA I LMSR IMPF 2010 A1 MPF 2010 B I K CLASS I C CLASS I LMSR[K] ILHAlMPFILM] I X CLASS I 
1 load displacement to hull volume relationship 
** A check based on full load displacement to ship's length 
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I 
Load-out for LHA and ~P~~~~~ Variant 
Table 1. Detailed Loadout of t h e  two variants. 
I 











I 1 1 
127 124 , 294 1 
1,469 1360,867 10 10 I 












C K - 5 3  D/E 
LHA Variant MPF/LMSR Variant 
No. Weight Volume No. Weight Volume 
0 0 0 1 4  37 1 0 , 2 1 6  
0 0 0 5 327 5 5 , 2 1 6  
0 0 0 6 1 1 6  2 7 , 2 8 9  
0 0 0 1 6  0 7 2 , 0 0 0  
0 0 0 13 0 58  , 500 
0 0 0 2 40 3 , 8 1 2  
0 0 0 3 0 4 , 8 6 0  
0 0 0 6 0 0 
0 0 0 37 0 0 
0 0 0 102  5 2 1  2 3 1 , 8 9 3  
(LT) ( ftj) (LT) (ft? 
IUH-lY 13 117 
1 0 8 , 2 5 0  
1 1 0 , 7 2 6  
7 3 5 , 6 7 3  
1 1 0 , 8 4 9  
0 
2 , 7 6 7 , 7 2 3  
JMV-22 18 1133 
1 5 3 6 , 0 8 3  
1 6 3 6 , 9 0 9  
4 66  367 ,837  
0 0 0 
1 0 0 










6 4 , 6 0 0  
(ft5) 
Volume INo.  IWeiqht IVolume 
No. height Qolume 
570  9 6 , 9 0 0  
(LT) (ftj) 
2 1 0 , 3 7 5  
2 5 0 , 8 1 5  
I ILHA Variant ~PF/LMSR Variant 1 
3 , 7 1 3  3 1 5 , 5 6 3  
7 , 9 7 4  3 7 6 , 2 2 3  
INo- Commodity 
2 5 6 , 6 6 6  
7 8 2 , 4 5 6  
8 , 7 4 3  3 8 4 , 9 9 8  





2 , 4 7 5  
5 , 3 1 6  
5 , 8 2 9  
1 4 , 0 0 0  
MPF/LMSR Variant 
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T o t a l  1 I 17,437,796 I 1 16,559,445 1 
Table 2. C ~ ~ ~ ~ t a t i G n  of ~ o l u ~ e  ~ q u 1 r ~ ~ e n t  of Ship 
I ~ L H A  Variant I 
~ l ~ ~ ~ l l ~ n ~ o ~ s  1254,866 1254,866 
Total ) 7 , 4 3 ? ~ ? 9 6  16,559,445 
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APPENDIX F 
COST ESTIMATE 
One Time Installs 
EngineslPods 
Electric Plant 
Composite Hull Form 
EW Suite 
SPS-73 Radar 
Volume Search Radar 
Free Electron Laser 
Other WepslSensor Systems 
Rail Gun 
SEA RAM 
Automated DC systs. 
DC Automation IP (.75*gear) 
Automated Flight DecWHanger 
Automated Weapons Handling 
Automated Warehouse System 
Network Centric CMD/CONT. 
Sea Force Specialized Equipment used for ship cost estimate 
Costs are reflected back to 1991 at 3% inflation rate to align with CERs in given model. 
Later, total is reflected to 2001 with same inflation rate. 


































SUMS $596,750,000 $669,503,918 
Airwing Costs 
Concept # per ship Cost per unit 
HLA 4 65 
AH-1 Z 4 14 
UH-1Y 4 14 
MV-22 16 57 
JSF 6 50 
SH-6OF 4 20.25 










TSSE sea F&IZ cost Estimate 
I -_ 71381 86000 
Sea ForcfSea Force Sea Force Sea Force 
MAT ~ T ~ ~ L  Labor La 
_" " 
-".-.. -_xL " x """" "-"--- X I  " I- ~ " -  " x"" " ." - - ~ ~~0~ WT 
&TI Other CER COSTS C&R Hours 
6106 0.08554, 1181 $7,211,186 316 1929496 
8084 0.1-f325 1181 $9,~47,204 316 ~554544 
I 1118 0.01566 11 81 $1,320,358 316 353288 
1028' $3,005,872 692 2 0 2 3 4 ~ ~  8 
* I -I 
,DECK HOUSE ~ T ~ U & T U R E  
1889.4 - ~ ~" 0.02647 " ^^ _ .^.a - - 
I _  
$3,185,467 -~ ^^ . " -  573574 
-- 1-1 -"~" 
~ ~ T €  C O ~ R O L  
SEA  AT^ SYSTEMS 
F&SG ~ A T € R  SYSTEMS 
GE 
"I " 
AS+MIS~ FLUD SY ST& 
SHIP &ML SYS 




1681 ;3 00235~ 
208 98 0~00293 
0 0.00000 
X "  ~ "._ - 
~ ~ 0 0 ~ 0  $5,41~,00~ 
$1 23,772.3~0 







_ "  
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27 1 4 5 ~ 6 ~ 2  
647 2 352% 
353 0 
318007 176 - _  
(3% inflation rate) 
SHIPS FORCE 
MISSION RELATED EXPENDABLES 
STORES 
LIQUIDS, PETROLEUM BASED 
LIQUIDS, NON-PETROLEUM BASED 
FUTURE GROWTH MARGIN 
Total Payload weight: 
Check Sums 
Ship assembly and support labor = .478'Labor 
Integration and Engineering Labor = .l86'Labor 
Program Management Labor = ,194'Labor 
Combined Labor Total Hours @ rate 
Total 1997 1st Ship Labor 
Total 1997 2nd Ship Labor 
Total 1997 3rd Ship Labor 
Total 1997 41h Ship Labor 
Total 1997 5th Ship Labor 
Total 1997 6th Ship Labor 
Total 1997 7th Ship Labor 
Total 1997 81h Ship Labor 


































































-"  - - -r ~- 
'Sh ipyard Overhead  Tabula t ion i I 
:Shipyard Gen. 8 Admin O.H. : 0.065 
3 0.01 
j 0.04 
{Total Shipyard O.H. Rate 0.215 
-. " . 
- .  -I^ 11111-11 .lll ~ o-,l I 
------- -.-~ I I__-- - _--I_" ___ - __ ~ - -__- I -- - 
i . -  
!Engineering Burdened Rate I $50.00 
:Nan-Recurring Engineering Hours 10000000 $500,000,000 
Total Non-recurr ins Fnn I ssn6 nnn nnn I $?~Oo_o_l!OO " - -  - ...... ." . . . . . .  
. . . . . . . . .  
.- .. I._ ~ ............... 
" . .-__. ... - . . . . . .  
! 
......... I... ..-.. 
Labor Owrhead 1st ShiD WlEna Burden Sh ipya rd  Overhead  
$3 375 573 3no $3,750,556,280 $4,255,556,280 
c? fid? 3dA n77-~--"-~ 
" " " . ~~-llI1-__._l_-"."-x- -_ll" 
I "  $3,239,514,246, < 
__ I_ " _-__I- -^-. 
$3,191,181,703 $3,582,981,573 
63,157,758,146 $3,541,305,285 <------Acquisition Cost- . . 
$39A132,318,41 7 $3,509,584,141 
$3,111,842,229 $3,484,052,106 (Fourth Ship) 
$3,094,744,092 $3,462,732,206 Estimated System Cost .-_I (wlo Manning): 
$3.060.089:850 f3.444,439.632 S h i p  $3.541,305,285 
& "" 1 " ^  
$3,067,263,541. $3,428,491,272 One Time Installs $596,750,000 
" "I 
Payload $1 3,869,220 
Sail Away Cost $4,151,924,505 
airwing (AIC): $1,665,000,000 




I TRK H~ 34 115.01 7.1 6 . 1  I 8 ,403 ~ 3 U L ~ ~ ~ E  I 2 I 2 . 6  i 5 115.01 7.2 6.0 1,290 
L ~ U ~ ~ ~ Y  UNIT I 2 I 2 . 5  
C ~ M E  30T 1 1 I28.6 
F I L  4K LB 2 1 6.0 I 12 113.8 6.7 15.8 1 1,069 
F/L 1 6 K  LB 2 I13.8 28 124.0. 8.4 I 8 . 0  I 3,232 
C O ~ P R E S S U ~  3 1 2 .7  I 8 112.9 7.8 5.9 1 1,777 
5 1 9 . 5  1 7.0 7.0 1 931 
29 j40.41 8.0 111.71 3,772 
SCOOP L U ~ ~ E R  2 I 11 I 9 I 24 128.01 8.0 t10.71 4,779 
TRC CRLR 195 HI?. 4 26.5 1 106 ~ 2 0 . 0 ~ 1 2 . 3 ~ 1 1 . 1 ~  10,936 
F ~ ~ O ~ L l G ~ T  8 1 1.3 I 10 113.31 5.8 I 5.1 I 3.163 
I GEN 5KW 2 I 0.5 1 4.3 I 2 . 7  I3.1 ~ 71 
GEN 30KW 10 1 1.4 I 14 I 6 . 7  I3.0 1 4 . 6  I 917 
W E ~ ~ ~ N ~  ~ H 6 1 1.6 10 113.11 6.2 1 6.2 1 2,985 
GEM 1 O K ~  1 0  I 0.6 I 6 1 5 . 2  1 2 . 7  I3.1 1 425 
P U ~ P  ~ R ~ ~ P ~ ~  8 I 0 .1  1 12.5 1 2 . 0  12.5 I 100 I 1 I I 
~ U ~ P , ~ E M T ~ l F  1 4 1 0.8 I 3 ( 1 0 . 7 1  5.0 I 4.3 1 924 









TELEPHONE/UTILITY 4x4 1 3.2 3.2 18.5 6.7 
TRLR 3/4T 2 WHL 1 0.7 0.7 12.3 6.2 
1 40.5 40.5 41.0 8.0 














T T - I - 3 -  
DED P ~ E U ~ T I ~  IRE4X4 
I I I 
~ L E A ~ E R  SEPTIC TRK I 1 I 1 1 . 4  11.4 / 2 6 . 8  
R E F R I ~ E ~ T I U ~  l l i  4 .8  4.8 120.0 
6 . 6 r 6 . 7 1  750 





TRUCK TRACTOR 6x6 DED 
AUTOMATIC TRANSMISSION 
TRUCK TRACTOR 6x6 DED 
AUTOMATIC TRANSMISSION 
TRUCK TRACTOR 6x6 DED 
AUTOMATIC TRANSMISSION 
TRUCK TRACTOR 6x6 DED , ~n 
I 
AUTOMATIC TRANSMISSION 
TRK LUBE/FUEL SER 






3 . 0  4.8 120.0 REFRIGERATION 1 4.8 





- Z p -  
7.3 1,145 
LAUNDRY UNIT SK I 1 I 3.2 
~~ 
LAUNDRY UNIT SK 
TRUCK FIRE 
BUS AMB CONV 




7 . 0  
- 
- 1 8.7 BUS AMB CONV 
TRUCK CARGO PICKUP 4x4 
6 PASSENGER 4DR 9200 1 
















1 3.1 TRUCK CARGO PICKUP 4x4 6 PASSENGER 4DR 9200 
TRUCK CARGO PICKUP 4x4 
6 PASSENGER 4DR 9200 
TRUCK CARGO PICKUP 4x4 
6 PASSENGER 4DR 9200 
21.5 
21.5 1 3.1 3.1 
1 3.1 3.1 21.5 
3.1 21.5 =k 6.3 6.3 - ~~ TRUCK CARGO PICKUP 4x4 1 3.1 6 PASSENGER 4DR 9200 TRUCK AMBULANCE FIELD 1 3.2 3.2 119.0 :OMMERCIAL 4x4 DED AUT- 
TRUCK AMBULANCE FIELD I 3.2 119.0 I :OMMERCIAL 4x4 DED AUT- 
TRUCK AMBULANCE FIELD 3.2 119.0 I 3 . L  1OMMERCIAL 4x4 DED AUT- 








TRK STAKE 15T 6x6 
TRK STAKE 15T 6x6 I 1 I 10.3 
~ 
TRK STAKE 15T 6x6 1 10.3 
TRK STAKE 15T 6x6 1 10.3 
8.0 9.5 1,805 10.5 23.8 
10.2 24.5 8.1 10.11 1,997 
10.2 24.5 8.1 1 0 . 1 )  1,997 





10.11 1,997 10.2 
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66Z 
9 ' E  0 ' E  
9 . E  0.E 
~ 9 'E  O'E 
OLL L ' 9  L ' 9  
OLL L ' 9  L ' 9  
b*€1:1 P ' t  I €7-1 I 1: I 3 O O E  XIL H?H& 
leet Hospital i [ft) 
3ECIPROCATING 100 GPM 4 
INCH 
PUMP WATER/TR?iSH 
3ECIPROCATING 100 GPM 4 
INCH 
PUMP, FUEL, DED, 
100GPM, MOUNTED IN 
SIXCON MODULE 
PUMP, FUEL, DED, 








0 .4  0 . 4  4 .3  
0 . 4  0 .4  4 .3  
1.4 1.4 8.0 







CLEANER HI PRESS 
CLEANER SEPTIC TK 
CLEANER SEPTIC TK 
8'REEFER 2 3 0 / 4 4 0  
8'REEFER 2 3 0 / 4 4 0  
8'REEFER 2 3 0 / 4 4 0  
3.0 
1 0 .4  0 . 4  4 .9  
1 5 . 8  5 .8  26 . t  
1 5.8 5.8  26 . t  
1 3 . 7  3 .7  20 . (  
1 3.7  3 . 7  20 . (  








4 . 0  












6 . 5  
6 . 5  
2.7 
8 . 0  
- 
-
8 . 0  
8 . 0  
8 .0  
-
-
8 . 0  -
7 . 0  I 252  
7 .01 '  252  
7 . 0  I 252  
7 . 0 1  252 ,q+ 
7 . 0  252  
4 - 2 1  68 I 
4 . 2 1  68 
4 .0  1 208 
4.0  I 208 
T 7 q - T  
11.2  2 ,390  
11.21 2 .390  
I 







Heavy L i f t  Aircraft and MV-22 Throughput a t  a 10-Hour Operating T i m e  (shorts tons) 
18481 17961 17431 16911 15861 15331 14811 14281 1 3 7 6 1  15721 15331 14941 14541 13761 13361 12971 1257) 1 2 1 8 1  15721 15331 14941 1454) 13761 13361 12971 12571 1218 
17831 17301 16781 16251 15201 14681 14151 13631 1 3 1 0 1  15071 1468) 14281 13891 13101 12711 12311 11921 1 1 5 3 1  1507( 1468) 14281 13891 13101 12711 12311 11921 1153 
'" 
571 250 


















I iLSD MANNING 
I 3RD I G M 1 2 1  2 1  2 1  1 1  1 1  0 1  0 1  8 I I I I i i i i 







Hull Data (with appendages) 
Baseline Draft: 40.000 
Trim: zero 
Heel: stbd 0.33 deg. 
DIMENSIONS 
Length Overall: 990.000 ft LWL: 989.980 ft Beam: 300.000 ft BWL: 405.451 ft 
Volume: 2867472.000 ft3 Displacement: 8191 1.410 LT 
COEFFICIENTS 
Prismatic: 0.572 Block: 0.240 Midship: 0.41 9 Waterplane: 0.245 
RATIOS 
LengthlBeam: 3.300 Displacementllength: 84.424 BeamlDepth: 7.449 
LTlinch Immersion: 233.986 
AREAS 
Waterplane: 98293.700 ft2 
Under Water La?eral Plane: 48694.860 ft2 
Wetted Surface: 187639.900 ft2 
Above Water Lateral Plane: 7581 1.920 ft2 
CENTROIDS (Feet) 
Buoyancy: LCB = 573.064 aft TCB =0.801 stbd VCB = 23.525 
Flotation: LCF = 590.617 aft 
Under Water LP: 485.470 aft of Origin, 17.458 below waterline. 
Above Water LP: 541 528 aft of Origin, 27.965 above waterline. 
Note: Coefficients calculated based on waterline length at given draft 
Hydrostatic Properties 
No Trim, heel: stbd 0.33 deg. 
Displ I LCB VCB LCF I BML 
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Water Specific Gravity = 1.025. 
Hydrostatic Properties at Trim = 0.00, Heel = 0.33s 
Long. Location in ft 









T C B f I x l  
VCBnxlo  
DispLLT x 1M)oOO 
WPA fl"2 x 1M)OOO 
BML ~ 1 0 0 0 0  







I " '  ' o!o " " l " " l  " " I  ' " '  l!O ' " ' I  " "  I " '  ' I  " " 2!0 " " I  
I 1 1 1 1  1 ' 1 .  I I . I . .  w .  1 ' , ' I  " 1  I I . .  1 "  I .  1 ., ' I " "  I I I ,  ' I "  I I I .  ' ' I '  I , ,  I I " ' ,  I . .  hid''' lb  2!0 3!0 
Cross Curves of Stability 
Righting Arms(hee1) for VCG = 35.00 
Trim zero at heel = 0 (RA Trim = 0) 
~ a ~ e r  Specific ~ r a v i ~  = 1.025. 
F -.- 
~ l o o ~ a b ~ e  Length C a l & ~ l a t ~ ~ n  
1 Center I Lennth 1 Trim I 
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Floodable Lengths 
Heel Angle Trim Angle Origin Depth Residual Arm Area 
(m3)  (deg) (ft) (ft) (ft-Deg) 
0.00 0.00 40.00 -0.73 0.000 
Flood Length ___j< 



















Resjd~al ~jghting Arms s ~ o ~ n  above are in excess of the 
wind heeljng ams der~ved from this moment (in ft-LT): 
Stbd ~ e e ~ j n g  moment = 601 86.01 
Un~rute~ted Flood Points 
Limit ~ ~ n ~ M ~ X  Actual ~ ~ r g ~ n  Pass 
(1) Area from 0.00 deg to 30.00 >0*055 ft-D <large> Yes 
(2) Area at 3~.00 deg M.015 ft-D <large> Yes 
(3) Area from 0=00 deg to 40.00 or Flood >~.090 ft-D <large> Yes 
(4) Area from 30,~0 deg to 4 0 * 0 ~  or Flood > ~ . ~ 3 ~  ft-D <large> Yes 
(5) ~ ~ g h ~ n ~  Arm at 3~.00 deg *.20 ft <large> Yes 
(6) A ~ s o ~ ~ ~ e  Angle at  ax^ > 2 5 . ~ ~  deg 50=~0 25,00 Yes 
(7) GM at E ~ ~ j l j b ~ ~ m  >a15 ft <large> Yes 
(9) Area from 0.00 deg to  ax^ at 30*00 >0.u55 ft-D ~82.993 0.848 Yes 
(8) Area from ~.~~ deg to M a x ~  at 15.00 > 0 ~ 0 ~ ~  ft-D 2 4 ~ ~ . 4 ~ 4  2.941 Yes 
325 
Righting Arms vs. Heel 
50.0s 
Heel angle (Degrees) I 0. 
Righting Arm 
Heeling Arm - 






Residual Righting Arms vs Heel Angle 
E30 .0  
t 
















Residual Righting Arms shown above are in excess of the 
wind heeling arms derived from this moment (in ft-LT): 
3 2 6  
Stbd ~eeIjng moment = 90~?9.~2 
Roll angle is 13.43 
E q ~ j l ~ b r i ~ m  for load ~nd j t j on  ~ i t ~ o ~ t  gust is 0.33s 
Limit 
(1) Area from 0.~0 deg to 30.00 
(2) Area at 30.00 deg 
(3) Area from ~ . 0 ~  deg to 40.00 or Flood 
(4) Area from 30.00 beg to 4 ~ . 0 ~  or flood 
(5) Rig~t~ng A n  at 30.00 deg 
(6) Absolute Angle at  ax^ 
(7) GM at E ~ ~ j ~ i b f f ~ ~  
(8) Area from ~ . 0 0  deg to  ax^ at 15.00 
(9) Area from 0.00 deg to  ax^ at 30.00 
(10) Abs. Area Ratio from Roll to 50.00 deg or Flood 
7 






















Heel angle ~ ~ e g ~ e e ~ ~  
10.0s 20.0s 30.0s 40.0s 50.0s 60.0s 






Hydrostatic and Longitudinal 
Longitudinal Strength ( stbd 0.08 deg.) 
Max. Shear 
Max. Bending Moment 
Weight x2.0 - 
Pt Load x3.0 ___+ 




Draft FP 41.399 ft 
8963.75 LT at 





I I l I l l l l l l l l l l  I I l l  
<--Aft (Feet) F w d d  
1000.0a 500.0a 0. 
I ! I  
Heel 
3 2 8  






(LT) {a) (fk) (rt) Perm 
~5,297.51 I 543.545a 0.21 5s 1 20.2391 ~.992 HULL1 Intact 1 .025 i 
DraA MS 35.1 88 ft Equil Yes 
Draft AP 2~.977 ft ~~~d 0.0 kn 
Trim fwd 0.72 deg. ~ a v ~  No 
LCG 543 .~4~a  ft VCG 44'4?5ft 
Luading S u ~ ~ a ~  
item 
FIS Corr. 0 . ~ ~  ft 
~ M ~ ~ l u i d ~  137.321 ft 
KMT 1 81 .785 ft 
TPIn 223.31 
Status Spgr Displ LCE TCB VCE Eff 




~ i s p l a ~ e ~  Status 
Trim Angle U r ~ g ~ n  Depth R ~ g ~ t ~ n g  Arm Area Notes I (deg) {a) (ft) ( 8 - ~ e ~ )  
0.72f 41.40 -0.48 0~000 I 
0.08s 0.72f 41.41 I 0~00  I ~ . 0 ~ ?  1 Equil 
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IMO RESOLUTION A.167 
Limit 
(1) Area from 0.00 deg to 30.00 
(2) Area at 30.00 deg 
(3) Area from 0.00 deg to 40.00 or Flood 
(4) Area from 30.00 deg to 40.00 or Flood 
(5) Righting Arm at 30.00 deg 
(6) Absolute Angle at MaxRA 
(7) GM at Equilibrium 
(8) Area from 0.00 deg to MaxRA at 15.00 











Righting A:ms vs. Heel 
Heel angle (Degrees) 
0.05 50.0s 
Righting Arm - 


























Draft FP 41.399 ft 
Draft M S  35.188 ft 
Draft AP 28'9?? ft 
Trim fwd 0.72 deg. 
LeG ~ 3 . 8 4 8 a  ft
Luading S ~ m m a ~  
Heel stbd 0.08 deg. GM~Solid~ 137.321 ft 
Equil NO FIS Corr. 0 .~00 ft 
~~~d 0.0 kn GNI~F~ujd) 137.321 ft 
~ a v ~  PI0 KNIT 181.785 ft 
vce 44.475 ft TPIn 223.31 
I  eight I LCG I TCG I VCG I 
fixed ~ e i g ~ t  Status 
I item LCG TCG I VCG I 
Displacer Status 
I Status Spgr I Displ I LCB I TCE I VCB I Eff I 
I I I (LT) I {ft) I fft) I (ft) 1 IPem 
HULL1 I Intact I 1.0251 65,297.51 [ 543.545a 1 0.215s I 20~239 I ~.992 
~ u ~ T u t a l s :  I t I 65,297.51 I 543.54% I 0.215s 1 20.239 I 
~~~~ V e ~ o c ~ ~  at t0 meters = 100.0 knots from port, CD= 1.200 
Part LPA HCP Arm Pressure ~ o m ~ n t  
IM 
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Residual Righting Arms vs Heel Angle 
Heel Angle Trim Angle Origin Depth Residual Arm Area 
(deg) (deg) (ft) (ft) (ft-Deg) 






















Residual Righting Arms shown above are in excess of the 
wind heeling arms derived from these moments (in ft-LT): 
Stbd heeling moment = 1 .01E+05CosA2(heel) + 0.00 
(ft) 
0.81f 38.78 -28.38 0.000 20.31 (1) Roll 
0.78f 40.60 -22.59 -127.421 23.55 (1) 
0.74f 41.27 -1 3.66 -219.359 27.41 (1) 
0.72f 41.41 -1.96 -259.571 31.40 (1) 
0.72f 41.41 0.00 -260.367 30.91 (2) Equil 
0.73f 41.28 9.81 -239.823 27.56 (2) 
23.67 (2) 
0.81f 38.88 24.88 -55.91 2 20.42 (2) 
0.79f 35.48 34.1 5 90.250 18.18 (2) 
0.85f 31.31 47.39 292.432 16.63 (2) 
1 .OOf 26.98 61.20 563.649 15.28 (2) 
1.28f 23.34 71.47 896.791 13.44 (2) 
1.61f 20.1 3 77.39 1270.764 11.14 (2) 
1.98f 17.21 80.21 1666.053 8.52 (2) 
2.27f 15.22 80.82 1961.943 6.47 (2) MaxRa 
2.38f 14.54 80.74 2069.356 5.67 (2) 
2.82f 12.11 79.44 2470.622 2.65 (2) 
3.23f 10.1 4 77.07 2807.608 0.00 (2) FldPt 
0.78f 40.65 19.02 -167.061 
I 
- 
3.29f 9.82 76.58 2861.303 -0.43 (2) 
Roll angle is 15.60 
Equilibrium for load condition without gust is 0.50s 
Name 
(1) Engine Port Intake 
12) Enaine Stbd Intake 
Unprotected Flood Points 
L,T,V (ft) Height (ft) 
230.000a, 45.000p, 70.000 20.313 
230.000a. 45.000s. 70.000 30.909 
IMO RESOLUTION A.167 
Limit 
(1) Area from 0.00 deg to 30.00 
(2) Area at 30.00 deg 
(3) Area from 0.00 deg to 40.00 or Flood 
(4) Area from 30.00 deg to 40.00 or Flood 
(5) Righting Arm at 30.00 deg 
(6) Absolute Angle at MaxRA 
(7) GM at Equilibrium 
(8) Area from 0.00 deg to MaxRA at 15.00 
(9) Area from 0.00 deg to MaxRA at 30.00 




















-55.912 - 0.054 
13.716 12.716 






Yes - No 
Yes 
3 3 2  
7 
Heel angle ~ ~ e g r e e s ~  
10.0s 20.0s 30.0s 40.0s 50.0s 60.0s 
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